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NOTE

This report was prepared by Eastern Research Group, Inc. (ERG), an EPA contractor, as a general
record of discussion for the peer consultation workshop on a proposed protocol to assess asbestos-
related risk. This report captures the main points of scheduled presentations, highlights discussions
among the pandists, and documents the public comments provided at the meeting. This report does not
contain a verbatim transcript of al issues discussed, and it does not embellish, interpret, or enlarge upon
meatters that were incomplete or unclear. EPA will use the information presented during the peer
consultation workshop to determine whether the proposed risk assessment methodology can be used to
support decisions at asbestos-contaminated sites. Except as specificaly noted, no satementsin this
report represent analyses by or positions of EPA or ERG.
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EXECUTIVE SUMMARY

Eleven expert panelists participated in a peer consultation workshop to review a proposed protocol to
assess ashestos-related risks. The protocol is documented in the report, “ Technical Support Document
for aProtocol to Assess Asbestos-Related Risk, Parts | and 11" (Berman and Crump 1999, 2001). At
the end of the 2%2-day workshop, which was open to the public, the expert pandigts drafted the
fallowing summary of ther findings

The peer consultation pand strongly endorsed the conceptua approach of developing an updated
cancer risk assessment methodology that takes into account fiber type and fiber dimension. The
opportunity is a hand to use subgtantid new information from epidemiology, experimenta toxicology,
and exposure characterization on what continues to be an extremely important societal issue—assessing
the hedlth risks associated with environmental and occupationd exposures to asbestos. The pand
recommended that EPA proceed in an expeditious manner to consder the pandists conclusions and
recommendations with agoa of having an updated asbestos risk assessment methodology. It is
important that EPA devote sufficient resources so that thisimportant task can be accomplishedin a
timely and scientificaly sound manner. The panel urges that additiond anayses underpinning the
document, preparation of documentation, and further review be carried out in an open and transparent

manner.

Prior to the workshop, the participants received draft copies of the “Methodology for Conducting Risk
Assessments at Ashestos Superfund Sites Part 1: Protocol” and “Part 2: Technica Background
Document.” The panelists generdly found that these documents did not provide a complete and
trangparent description of how the data were analyzed to support the conclusions presented. The
incomplete documentation of methodology preciuded the replication of the findings, in advance of the
mesting, by severd pandists. The methodology used was clarified by the comprehensive presentations
that Drs. Berman and Crump made at the workshop. However, future drafts of these documents must



clearly describe the methodologies and include sufficient data, perhaps in gppendices, such that the
findings can be replicated.

The pandists made the following conclusions and recommendations:

# M easur ement methods. Continuing advances have been made in the gpplication of exposure
measurement technology for asbestos fibers during the past two decades. These advances
include the use of transmission dectron microscopy (TEM) and alied techniques (e.g., energy
dispersive x-ray detection, or EDS) as an dternative to phase contrast microscopy (PCM),
thereby alowing the bivariate (i.e., length and width) characterization of fibers and fiber type.
The proposed risk assessment methodology incorporates these advances in the devel opment of
an exposure index. The pand was in agreement that this aspect of the new risk assessment
methodology represents a subgtantial advance over the existing methodology.

# Integration of exposur e and risk assessment models. A key aspect of the proposed risk
assessment methodology isalinking of specific exposure characterization methodology with
exposure-response coefficients. It has been emphasized that any change in the exposure
characterization metrics must be accompanied by changes in the exposure-response coefficients
of the risk assessment models. This was emphasized in the report and the panelists endorsed this
view.

# Access to additional raw data sets. The pandigts strongly recommended that EPA make
every atempt to acquire and analyze raw data sets from key human epidemiologica studies.
Where possible, it would also be desirable to obtain bivariate (i.e., length and diameter) fiber
exposure information for these re-andyses. Severd panelists believed that review of additiona
data sets offers substantia opportunity for improving the proposed risk assessment
methodology. In the event that raw data cannot be obtained due to confidentiality reasons or
other regtrictions, the panelists suggested that the authors consider asking those who have
access to the data to conduct the necessary statistical analyses and communicate their results
directly to EPA for further consideration.

# Fiber diameter. The proposed risk assessment methodology uses a diameter cut-off of 0.5
micrometers (um) for consdering fibers. The report states that fibers 0.7 um in diameter can
reach the respiratory zone of the lung. A few pand members indicated that the fiber diameter
cut-off could be as high as 1.5 pm during ord breathing. The 0.4 um cut-off came from rat data,
but larger diameters would be expected to be respirable in humans. There was genera
agreement that the diameter cut-off should be between 0.5 and 1.5 um. Thisissue is desarving
of further andyss.



Fiber length. The Berman and Crump andyses made a Sgnificant contribution by obtaining and
andyzing membrane filters from the anima inhaation sudies in Edinburgh and conducting
quality-assured bivariate length and distribution analyses by TEM—thereby greatly reducing the
uncertainty of the exposure side of the exposure-response relationship for chronic fiber exposure
in rats. Unfortunately, correspondingly detailed information on bivariate size digtribution is not
available for humans Thisleads to the need to use the animd data, athough one must dways
recognize the uncertainties associated with interspecies extrapol ations such as anatomic
characteristics and respirability between species. Future andyses may benefit from using other
available laboratory animal data sets and human data sets.

The fiber length distributions for the human cohort exposures are much more uncertain. For the
Wittenoom, Quebec, and South Carolina cohorts, there are limited fiber length distribution data
based on TEM anayss from historic membrane filter samples, but only fiber categories longer
than 5 pm and longer than 10 um were counted. For al other cohorts, the measurements were
limited to PCM fiber counts for dl fibers grester than 5 pm in length in some, and particle counts
(10x objective) on midget impinger samplesin others. Both methods do not measure thin fibers,
do not discriminate between asbestos and other minerd particles, and provide no information on
the concentrations of fibers longer than 10, 20, or 40 um, or inter-laboratory variationsin

optical resolution and counting rules. As one approach to addressing the varying uncertainty in
ases3ng exposure in the different sudies, Berman and Crump used the available information to
meake adjustments to the uncertainty ranges in the exposure-response coefficients. The
workshop pand welcomed this initiative but suggested dternative approaches (see “ Methods,”
below).

Some paneligts felt that an Exposure Assessment Workshop, with participants having a broad
range of expertise, could evauate the uncertainties in historic occupationa data sets exposure
measurements. They felt such aworkshop could result in a more confident assessment of
exposure-response relationships for populations exposed to a variety of amphiboles, chrysotile,
and mixtures. With incorporation of other available knowledge on fiber type, process, smoking
(if avallable), and the relative number of excess lung cancer and mesothelioma, it may well be
possible to gain a much clearer understanding of the roles of these variables as causal factors for
these ashestos-associated cancers. In addition, the workshop would prove vauable in further
discusson of minerdogica, geologica, and industrid hygiene issues with regard to application of
the modd to risk assessment in environmenta Sites of concern.

The Berman and Crump index assigns zero risk to fibersless than 5 pm in length. Fibers
between 5 and 10 pm are assgned arisk that is one three-hundredth of the risk assigned to
fiberslonger than 10 pm. Pandigts agreed that there is a condderably greater risk for lung
cancer for fibers longer than 10 um. However, the pand was uncertain as to an exact cut Sze
for length and the magnitude of the relative potency. The pandlists also agreed that the available
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data suggest that the risk for fiberslessthan 5 pm in length is very low and could be zero. This
specific issue was addressed by an expert panel convened by the Agency for Toxic Substances
and Disease Registry (ATSDR) in October 2002. Some pandlists suggested that, for
mesothelioma, greater weight should perhaps be assigned to fibersin the 5 to 10 um length
range and to thinner fibers.

Fiber type. For mesothelioma, the pandists supported the use of different relative carcinogenic
potencies for different fiber types. The pandists unanimoudy agreed thet the available
epidemiology studies provide compelling evidence that the carcinogenic potency of amphibole
fibersis two orders of magnitude grester than that for chrysotile fibers. There was some
discussion about the precise ratio expressed due to questions about the availability of exposure
datain exigting studies (e.g., Wittenoom). There was recognition that time since first exposureis
an important factor in determining risk for mesothelioma and some discussion is needed on the
importance of duration and intengty of exposure.

For lung cancer, the panelists had differing opinions on the inferences that can be made on the
relative potency of chrysotile and amphibole fibers. Some pandists supported the finding that
amphibole fibers are 5 times or more potent for lung cancer than are chrysotile fibers. Other
pandigs did not think the statistical andlysesin the draft methodology document supports this
relative potency and wondered if additiona review of the epidemiologica data might identify
factors other than fiber type (e.g., industry consdered) that provide further ingghts on the
matter. These other factors can then be considered when the risk assessment is applied.

Cleavage fragments. The pand knew of little datato directly address the question asto
whether cleavage fragments of equa durability and dimengon as fiberswould have Smilar or
dissmilar potency for lung cancer. The generd view istha dataindicate that durability and
dimension are criticd to pulmonary pathogeness. Therefore, it is prudent at this time to assume
equivaent potency for cancer in the albsence of other information to the contrary. Congderation
of conducting arat inhaation study using tremolite cleavage fragments was recommended to
address thisissue. For mesothelioma, it was viewed thet thin fibers greater than 5 um in length
are more important. Cleavage fragments that do not meet these criteriawould not contribute to
risk of mesothelioma.

Other amphiboles. The pand agreed with the report’ s conclusion that the potency of currently
regulated and unregulated amphibol e fibers should be consdered equa based on the reasoning
that smilar durability and dimension would be expected to result in Smilar pathogenicity.

M ethods. The pandigs extensvely discussed the approach to conducting the meta-anayss of
the large number of epidemiologica studies. A number of the pandists urged that consderation
be given to usng more traditiona gpproaches that would include development and gpplication of
specific criteriafor incluson of sudiesinto the exposure-response analys's, examination of
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heterogeneity and sources of the heterogeneity, and the use of sengitivity andyssto identify
influentid studies.

The pandists dso urged, in the study-specific anadlys's, exploration of dternative exposure-
response models other than the lung cancer and mesothelioma risk models EPA has been using
since 1986. This would possibly include non-linear response models (e.g., log-linear models),
examination of separate effects for concentration and duration, time since first exposure, time
since cessation of exposure, possibly dropping the “« factor,” and different methods for
measurement error. The adequacy of different models should be examined using goodness of fit
datistics across dl studies. The possibility of internal andyses should be re-examined (i.e., it may
be possible to obtain partid data, such as age-specific person years data, from authors).
Exploration of non-linearity should aso include shape of the curve in the low exposure area.

The panelists also urged aternative approaches to meta-andyses. In particular, pandists
recommended meta-regression using origind (untransformed) exposure-response coefficients, in
which predictor variables include the estimated percentage of amphiboles, percentage of fiber
greater than 10 pm, and categorica grouping of studies according to quality. Original exposure-
response coefficient variances should be used in conjunction with random effects moddsin
which residud inter-study variation is estimated. Anayses restricted to long latency and a
predictor variable for industry type should be consdered. A priori digtribution for inter-study
resdua variance might also be consdered. Meta-regression will alow smple ingpection of
likelihoods to consider the importance of different predictor variables. Senstivity analyses should
be conducted in which theinclusion or excluson of specific udies or groups of studiesis
evauated.

Cigarette smoking. Most pandligs felt strongly that future analyses need to pay more attention
to the effects of smoking on the lung cancer exposure-response model and extrapolations to
risk. However, the current data sets have variable and limited information available on smoking.
The pandigts noted that smoking is the primary cause for lung cancer, but the lung cancer dose-
response relationship for smoking is complex due to the effects of smoking duration, intengty,
and cessation.

The impact of smoking has effects on both the estimation and the application of the modd for
projecting risk of lung cancer due to asbestos exposure. This may be an especidly criticd issue
for low-exposure extrapolation. With respect to estimation, accepting the form of the proposed
mode, the effect of smoking may require different K, values for smokers and non-smokers. The
pandigts recognized that thereis limited epidemiologic data to address this issue, but
recommend that it be investigated. With respect to applying the model to make risk projections
for any future cohort, the background rate of lung cancer employed in the model needsto be
carefully determined to capture the smoking behavior of the cohort.



# L ocalized tremolite exposur es. During the course of public comments, the pand received
input from severa individuals who expressed concerns about environmenta exposures to
tremolite asbestos from locdized geologic formationsin Cdifornia The individuds suggested
that inadequate attention had been given to characterization of the exposures to resdents of
these communities. While the panel was not in a pogtion or charged with the evaluation of this
issue, the pand did fed that thiswas a potentidly serious matter deserving of atention by the
gopropriate public heath authorities. Evduation of these kinds of Situations would benefit from
the use of the improved risk assessment methodology being considered.

The remainder of this report summarizes the discussions and observations that led to these findings,
reviews the pandists comments on many topics not listed in this executive summary, and documents
the observer comments provided at the workshop.



1. INTRODUCTION

This report summarizes a peer consultation by 11 expert pandlists of a proposed protocol to assess
ashestos-related risks. Contractors to the U.S. Environmenta Protection Agency (EPA) developed the
proposed protocol, which is documented in areport titled: “Technica Support Document for a
Protocol to Assess Asbestos-Related Risk” (Berman and Crump 2001). The purpose of the peer
consultation workshop was to provide EPA feedback on the scientific merit of the proposed protocol.
The peer consultation workshop took place in a meeting open to the public on February 25-27, 2003,

in San Francisco, Cdifornia

This report summarizes the technical discussions among the expert pandlists and documents comments
provided by observers. These discussions largely focused on three topic aress. interpretations of the
epidemiology and toxicology literature, the proposed exposure index, and genera questions about key
assumptions and inferences in the protocol. The remainder of this introductory section presents
background information on the protocol (Section 1.1), describes the scope of the peer consultation
workshop (Section 1.2), and reviews the organization of this report (Section 1.3).

1.1 Background

EPA’s current assessment of asbestos toxicity is based primarily on an asbestos review completed in
1986 (EPA 1986) and has not changed substantialy since that time. The 1986 assessment considers Six
minerd forms of ashestos and dl asbestos fiber szes longer than 5 micrometers (um) to be of equa
carcinogenic potency. However, since 1986, asbestos measurement techniques and the understanding
of how ashestos exposure contributes to disease have improved substantialy. To incorporate the
knowledge gained over the last 17 yearsinto the agency’ s toxicity assessment for ashestos, EPA
contracted with Aeolus, Inc., to develop a proposed methodology for conducting asbestos risk
assessments. The proposed methodology distinguishes between fiber sizes and fiber typesin estimating



potentia hedlth risks related to asbestos exposure. The methodology a so proposes a new exposure
index for estimating carcinogenic risk.

Asakey gep in determining the scientific merit of the proposed risk assessment methodology, EPA
decided to obtain expert input on the draft report through a peer consultation workshop. The purpose
of the workshop was to obtain feedback from subject-matter experts during the development stage of
the proposed risk assessment methodol ogy; the workshop was not an official peer review. Eastern
Research Group, Inc. (ERG), organized and implemented the peer consultation workshop under a
contract to EPA.

1.2  Scope of the Peer Consultation Workshop

The peer consultation involved many activities before the workshop (see Section 1.2.1), at the
workshop (see Section 1.2.2), and after the workshop (see Section 1.2.3). The following subsections

describe these activities.

121 ActivitiesPrior to the Peer Consultation Workshop

This section describes the mgor activities ERG and the expert panelists conducted prior to the peer

consultation workshop:

# Select expert panelists. ERG selected the expert pandlists for the peer consultation workshop.
ERG sought to compile apand of experts with broad experience and expertise in the following
disciplines: toxicology, epidemiology, biogtatistics, ashestos sampling and anaytical methods,
EPA’s human hedlth risk assessment guidelines, and ashestos-related environmenta and
occupationa health issues. Appendix A ligts the expert panelists ERG sdected, and Appendix B
includes brief biographies that summarize the pandisis aress of expertise.

Every pandig is either asenior scientist, physician, or researcher with extensve experiencein
the aforementioned fields, as demongtrated by peer-reviewed publications, awards, and service
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to relevant professond societies. To ensure the peer consultation offered a balanced
perspective, ERG intentiondly selected expert pandists with a broad range of affiliations (e.g.,
academia, consulting, State and federa agencies). When searching for panelists, ERG asked dll
candidatesto disclose red or perceived conflicts of interest.

# Prepare a charge to the expert panelists. ERG worked with EPA to prepare written
guidelines (commonly caled a*“charge’) for the peer consultation workshop. The charge
includes 12 specific questions, organized into 4 topic areas. Discussions at the workshop largely
addressed the technica issues raised in the charge, but the expert pandists were encouraged to
discuss other relevant matters that were not specifically addressed in the charge questions. A
copy of the chargeisincluded in Appendix B.

# Distribute review documents and other relevant information. Severa weeks prior to the
peer consultation workshop, ERG sent every panelist copies of the charge and the proposed
risk assessment methodology (Berman and Crump 2001). These items formed the basis of the
technica discussions at the workshop. In addition, ERG distributed severd additiona
publications on related topics (see Table 1, at the end of this section, for list of the publications).
The supplementa publications were provided largdly in response to pandists’ requests for
further background information on selected issues. The pandists dso circulated publications
amongst themsdlves on specific topics. Findly, one of the meeting chairs noted for the record
that, upon arriving in San Francisco, he aso received amemo and copies of many abstracts and
other information from Cate Jenkins of EPA. The meeting chair offered to share these materids
with other pandigts during the workshop.

# Obtain and compile the panelists' premeeting comments. After receiving the workshop
materias, the panelists were asked to prepare their initial responses to the charge questions.
Booklets containing the premeeting comments were distributed to the expert panelists before the
workshop and were made available to observers at the workshop. These initid comments are
included in this report, without modification, as Appendix B. It should be noted that the
premeeting comments are preliminary in nature. Some pandigs technica findings may have
changed after the premeeting comments were submitted.

1.2.2 Activitiesat the Peer Consultation Workshop

The 11 expert pandists and approximately 75 observers attended the peer consultation workshop,
which was held a the Westin S. Francis Hotel in San Francisco, Cdifornia, on February 25-27, 2003.

The workshop was open to the public, and the workshop dates and times were announced in the
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Federd Regigter. Appendix C lists the observers who confirmed their attendance a the workshop
registration desk. The workshop schedule generdly followed the agenda, presented here as Appendix
D.

The workshop began with introductory remarks from Ms. Jan Connery (ERG), the facilitator of the
peer consultation. Ms. Connery welcomed the expert panelists and observers, stated the purpose of the
workshop, identified the document being reviewed, and explained the procedure for observers to make
comments. Mr. Richard Troast (EPA) then provided background information on the review document
and EPA’ s ongoing efforts to assess ashestos toxicity (see Section 1.1). Mr. Troast identified the main
differences between EPA’ s existing ashbestos risk assessment methodology (EPA 1986) and the
proposed methodology (Berman and Crump 2001). Mr. Troast noted that the expert pandlists
feedback will ultimately help EPA complete its update of ashestos hedlth risks for the Integrated Risk
Information System (IRIS); he clarified that the final IRIS update will be subject to peer review or
Science Advisory Board review before being implemented. Following these opening remarks, Dr.
Wayne Berman and Dr. Kenny Crump—the authors of the proposed methodol ogy—ypresented

detailed information on the review document; Section 2 of this report summearizes their presentations.

After the background presentation, Dr. Roger McClellan and Dr. Ledie Stayner chaired the technical
discussons that followed. For the remainder of the meeting, the pandists engaged in free-flowing
discussons when answering the charge questions and addressing additiond topics not specified in the
charge. Observers were given the opportunity to provide verba comments three different times during
the workshop; these observer comments are documented in Appendix E. Representatives from EPA
and the document authors provided clarifications on the proposed methodology periodically throughout
the 2%/>-day workshop.

1.2.3 ActivitiesFollowing the Peer Consultation Wor kshop



The primary activity following the peer consultation workshop was preparing this summary report. A
technica writer from ERG who atended the meeting prepared a draft of this report, which ERG
digtributed to the 11 expert pandlists and asked them to verify that the draft accurately reflects the tone
and substance of the pandlists discussions at the workshop. After incorporating the panelists
suggested revisons to the draft report, ERG submitted the find report (i.e., this report) to EPA.

1.3 Report Organization

The structure of thisreport follows the order of the technica discussions during the meseting. Section 2
summarizes Dr. Berman and Crump’ s background presentations. Sections 3 through 6 are records of
the pandlists discussions on the four main topic areas: interpretations of the epidemiology and
toxicology literature (Section 3), the proposed exposure index (Section 4), genera questions (Section
5), and conclusions and recommendations (Section 6). Findly, Section 7 provides references for dl

documents cited in the text.

The gppendicesto this report include background information on the peer consultation workshop. This
information includes items that were on display at the workshop and items generated since the
workshop (e.g., afind ligt of attendees). The gppendices contain the following information:

# List of the expert pandlists (Appendix A).

# The pandists premeeting comments, the charge to the reviewers, and brief bios of the expert
pandigs (Appendix B).

# List of registered observers of the peer consultation workshop (Appendix C).
# Agendafor the peer consultation workshop (Appendix D).
# Observer comments provided at the peer consultation workshop (Appendix E).

# Observer post-meeting comments (Appendix F).
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Tablel
References ERG Provided to the Expert Panelists

Berman, DW and Crump K. 1999. Methodology for Conducting Risk Assessments at Asbestos
Superfund Sites; Part 1: Protocol. Fina Draft. Prepared for U.S. Environmenta Protection Agency.
February 15, 1999.

Berman, DW and Crump K. 2001. Technica Support Document for a Protocol to Assess
Asbestos-Related Risk. Find Draft. Prepared for U.S. Department of Transportation and U.S.
Environmenta Protection Agency. September 4, 2001.

Berman, DW, Crump, K., Chatfield, E., Davis, J. and A. Jones. 1995. The Sizes, Shapes, and
Mineralogy of Asbestos Structures that Induce Lung Tumors or Mesothdiomain AF/HAN Rats
Following Inhdation. Risk Anadysis. 15:2,181-195.

Berman, DW. 1995. Errata. Risk Analyss. 15:4, 541.

Committee on Nonoccupational Hedlth Risks of Asbestiform Fibers. Bredow, L., Chairman. 1984.
Asbestiform Fibers Nonoccupational Hedth Risks. Washington, DC: National Academy Press.

EPA 1986. Airborne Asbestos Health Assessment Update. U.S. Environmental Protection Agency.
EPA 600/8-84-003F. 1986.

NIOSH Interdivisional Fiber Subcommittee Report. Prepared by the NIOSH Interdivisona Fiber
Subcommittee. 1999.




2. BACKGROUND ON THE PROPOSED PROTOCOL
TO ASSESSASBESTOS-RELATED RISK

This section summarizes presentations given by the principa authors of the proposed risk assessment
methodology. These presentations were given because severa panelists asked ERG, prior to the peer
consultation workshop, if the authors would provide detailed background information on how the
methodol ogy was developed. This section reviews the mgor presentation topics, but does not present
the pandists comments on the proposed protocol. Sections 3 through 6 document the expert panelists
technica feedback on the protocol.

# Motivation for developing the proposed protocol. Dr. Berman identified severa reasons for
developing the updated protocol for ng ashestos-related risks. These reasons include
EPA’ s exiging ashestos models being inconsstent with inferences from the scientific literature,
the need for having uniformly-gpplied sampling and anaytica procedures to measure asbestos
characteristics most predictive of risk, and the belief that EPA’ s current asbestos risk
assessment methodology may not be adequately protective in some circumstances. To improve
upon the current methodology, the authors intended to develop arisk assessment model that
adequately predicts cancer risk in al studied environments and can therefore be gpplied with
much greater confidence to environments that have not been studied. Dr. Berman outlined the
genera approach taken to devel op the proposed protocol, as summarized in the following
bulleted items.

Dr. Berman provided background information on and definitions for asbestos, other fibrous
structures, asbestos morphology, and cleavage fragments. He aso described the capabilities and
limitations of the analytical techniques that have been used to characterize asbestos exposures,
such as midget impingers, phase contrast microscopy (PCM), scanning electron microscopy
(SEM), and transmission eectron microscopy (TEM). Dr. Berman explained how differencesin
these andytica techniques must be criticaly evauated when comparing results reported in dl
epidemiologica and other types of studies that examine asbestos exposure. Dr. Berman dso
stressed that it is not just differencesin andytica techniques, but choice of specific methods for
each andyticd technique that affects results. Further information on these topicsisincluded in
Chapter 4 of the proposed protocol (Berman and Crump 2001).

# Re-analysis of human epidemiological data. Dr. Crump described how the authors
eva uated the human epidemiologicd data. He disolayed alist of the studies that were
considered, noting that he had access to raw, individua-leve datafor three occupationa
cohorts: chrysotile textile workersin South Carolina, United States; crocidolite minersin
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Wittenoom, Austraia; and chrysotile miners and millersin Quebec, Canada. All data sets with
exposure data were considered in the analysis, and criteria were not established for selecting
studies. Dr. Crump then presented findings for asbestos-related risks for lung cancer and
mesothelioma.

For lung cancer, Dr. Crump first reviewed EPA’ s existing lung cancer modd for asbestos
exposure (see equation 6.1 in the proposed protocol), which relates the relative risk of lung
cancer mortdity linearly to cumulative asbestos exposure, with a 10-year lag time. Dr. Crump
noted that the modd predicts that reative risk for developing lung cancer remains constant after
ashestos exposure ceases—an assumption he showed was reasonably consistent with findings
from epidemiologica studies. Dr. Crump aso discussed how the model assesses interactions
between exposures to cigarette smoke and to asbestos—an issue the panelists revisited severa
times later in the workshop (e.g., see Section 3.1.1 and the executive summary). Dr. Crump
presented a sevies of tables and figures demondrating the adequacy of multiple lung cancer
modes. first usng EPA’ s exigting lung cancer modd, next using amodified verson of the modd
that accounts for differencesin the background rates of lung cancer, and findly using the
proposed lung cancer moddl, which considers an exposure index that assgns greeter
carcinogenic potency to amphibole fibers and to longer fibers.

Similarly, Dr. Crump reviewed the performance of EPA’s mesotheiomamodel for asbestos
exposures (see equation 6.11 in the proposed protocol), which predicts that mesotheioma risks
vary linearly with the average asbestos exposure and increase quadraticaly with time from onsat
of exposure. Dr. Crump presented severd tables and graphs indicating how well EPA’s existing
model and the proposed protocal fit the human epidemiologica data. He made severd
conclusions about the exiting risk modd, including that mesotheliomarisk coefficients varied
consderably across the cohorts and the risk coefficients were generaly higher for cohorts
exposed primarily to amphibole fibers, compared to those exposed primarily to chrysotile fibers.
Dr. Crump aso noted that the data did not support consideration of a sub-linear or threshold
dose-response relaionship. This latter point generated considerable discussion later in the
workshop (e.g., see Section 4.3).

Dr. Crump then described the meta-anaysis the authors conducted to evaluate the relative
potency of amphibole and chrysotile fibers. Firgt, he explained how the authors weighted the
different gudiesin the meta-analys's, based on uncertainty factors assgned to the individud
sudies. Dr. Crump identified the four uncertainty factors and described generdly how each
factor was assgned. Sources of uncertainty included representativeness of air sampling data, the
avallability of convergon factors to express exposuresin terms of PCM concentrations, and
whether data on exposure duration were available. Dr. Crump then highlighted the main
conclusions from the meta-analysis. For lung cancer, the meta-analys's suggested that amphibole
fibers are gpproximately five times more potent than are chrysotile fibers, but the differencein
potency was not satisticadly sgnificant (i.e., the authors could not rgject the hypothesis that
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chrysotile fibers and amphibole fibers are equally potent). For mesothelioma, the meta-andysis
suggested that chrysotile fibers are 0.002 times as potent as amphibole fibers, and the difference
in potency was datisticaly sgnificant.

I nferences drawn from the broader literature. Dr. Berman described how the authors
incorporated inferences from the broader scientific literature into the proposed protocol. He
reviewed key findings on how various mechanisms are biologically related to how asbestos
causes disease. These mechanisms included respiration, deposition, degradation, clearance,
trandocation, and tissue-specific biologica responses. Chapter 7 of the review document
provides detailed information on the relevance of these mechanisms, with emphasis on the
influence of fiber type and fiber dimension.

Derivation of the exposure index. Dr. Berman explained how the authors derived the
exposure index, which islargely based on an earlier re-andysis (Berman et d. 1995) of Six
animd inhdation studies conducted by a single laboratory. That re-andyss found that lung tumor
incidence is adequately predicted using an exposure index that assigns no carcinogenic potency
to fibers shorter than 5 pm, relatively low carcinogenic potency to fibers with lengths between 5
and 40 um and diameters less than 0.4 um, and the greatest carcinogenic potency to fibers
longer than 40 um and thinner than 0.4 um. However, these findings could not be applied
directly to the human epidemiologica data, because the epidemiologica studies do not include
exposure measurements that quantify the relative amounts of asbestos fibers shorter and longer
than 40 um.

Dr. Berman noted that the proposed protocol includes an ad hoc assumption thet the fiber sze
weighting factors optimized from the laboratory anima studies can be gpplied to humans, but
with alength cut-off of 10 um in the exposure index, rather than a cut-off of 40 um. Dr. Berman
emphasized that this assumption was made to model the critical characteristics of asbestosin a
manner that reasonably captures cancer risks observed across multiple epidemiologica studies.
He acknowledged that asbestos potency is likely a continuous function of fiber length, but the
exposure measurements from the available anima and epidemiologica studies do not support
Incorporating such a continuous function in the exposure-response modd. The pandists
commented on the proposed exposure index when discussing topic area 3 (see Section 4).

Dr. Berman dso noted that the authors selected a conservative set of dose-response coefficients
(see Table 6-30 of the review document), rather than using the optimized ones from the animal
studies (see Table 6-29). However, the conservative and optimized dose-response coefficients
were reasonably congstent: none of the conservative coefficients differed by more than a factor
of 4 from the corresponding optimized ones.

Conclusions regarding proposed protocol. Dr. Berman indicated that the proposed protocol
Is substantially more consstent with inferences documented in the scientific literature (i.e., that
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long, thin structures contribute most to risk) than EPA’s existing risk assessment methodol ogy.
Further, the proposed protocol provides a better fit to cancer risks observed in the human
epidemiologica studies than does EPA’s existing model, and the proposed protocol appearsto
underestimate risks of lung cancer and mesothdlioma less frequently and to alesser degree than
the existing gpproach. Findly, by recommending use of a sandardized andlytical method that
links directly to the exposure index, the proposed protocol will help ensure that future risk
assessments are conducted in a consistent fashion and their results can be readily compared
from one study to the next.



3. COMMENTSON TOPIC AREA 1: INTERPRETATIONS OF THE
EPIDEMIOLOGY AND TOXICOLOGY LITERATURE

This section summarizes the pandists' discussons on the interpretations of the epidemiology and
toxicology literature. The meeting co-chairs—Dr. McCldlan and Dr. Stayner—facilitated the
discussions on this topic area, which focused first on lung cancer (see Section 3.1) and then on
mesothelioma (see Section 3.2). This section presents arecord of discussion of the topics mentioned
during the workshop. Severa pandigs referred to their premeeting comments (see Appendix B) for
additiona suggestions for how the review of epidemiology and toxicology literature can be improved.

3.1 Lung Cancer

The pandists discussed a length whether the epidemiology and toxicology literature support the
proposed protocol’ s finding for how lung cancer potency varies with fiber type and fiber length. This
section summarizes these discussions, first on fiber type (Sections 3.1.1 and 3.1.2) and then on fiber
length (Sections 3.1.3 and 3.1.4). Generd issues regarding the lung cancer evauation are presented in
Section 3.1.5.

3.1.1 LungCancer and Fiber Type: Inferencesfrom the Epidemiology Literature

According to the proposed risk assessment methodol ogy, amphibole fibers have a 5-fold greater lung
cancer potency than do chrysotile fibers. The pandists had differing opinions on whether thisfinding is
consstent with the epidemiology literature. On the one hand, some pandlists indicated thet the
epidemiology literature is condggtent with amphibole fibers being more potent for lung cancer, though the
magnitude of this increase may not be known precisdy. One pandigt noted, for example, that multiple
anayses (e.g., Hodgson and Darnton 2000, Berman and Crump 2001, and the statistical anadlyses a
panelist presented during this discussion) al point to a consstent increased lung cancer potency for
amphibole fibers compared to chrysotile fibers, dbeit asmdl increase. On the other hand, other

3-1



panelists did not believe the epidemiology literature supports this conclusion, for reasons stated below.
Findly, other pandists were not convinced that the epidemiology literature supports the higher lung
cancer potency for amphibole fibers, but they believed the difference in potency seems likely based on
evidence from the animd toxicology studies (see Section 3.1.3) and lung burden studies. A summary of

the pandigs discussion on thistopic follows:

# Comments on specific publications. Severd pandists cited specific sudies to support their
positions on the relative lung cancer potency of chrysotile and amphibole fibers, but the pandists
often had differing opinions on the inferences that should be drawn. The pandists mentioned the
following specific Sudies

> Some pandists noted that a recent re-analysis of 17 cohorts (Hodgson and Darnton
2000) indicates that the lung cancer potency for amphibole fibersis 10 to 50 times
greater than that for chrysotile fibers. One pandist did not agree with this finding, due to
the crude approach the article uses to characterize relative potency. Specificdly, this
pandlist noted that carcinogenic potency was cdculaed by dividing the overdl raive
risk for a given cohort by the average exposure for the entire cohort, even for cohorts
where the data support more sophisticated exposure-response modeling. He was
particularly concerned about the authors decision to omit the cohort of South Carolina
textile workers from the meta-analyss. This decision was apparently based on the
South Carolina cohort being an outlier, due to its much higher lung cancer potency
when compared to other studies. The panelist noted, however, that the lung cancer risk
for the South Carolina cohort is not unusualy high when compared to other cohorts of
textile workers. The pandlist was concerned that omitting this study might have biased
the article' s finding regarding relative lung cancer potency. No other pandists discussed
the review aticle.

> One pandligt cited astudy of Quebec chrysotile miners and millers (Liddell et a. 1997,
1998) that reports that increased lung cancer risk was limited to the mining region with
the highest leved of tremolite asbestos, after correction for smoking and exposure. The
article was distributed to the pandists on the first day of the workshop, but no panelists
commented further on the study.

> One pandlist noted that his review of multiple textile cohorts (Stayner, Dankovic, and
Lemen 1996) found relatively smdl differencesin lung cancer potency, even though
some of the cohorts were exposed to asbestos mixtures containing different proportions
of amphibolefibers.



> One pandig indicated that further evidence on how fiber types relaesto lung cancer
potency can be gleaned from epidemiologica studies that were not included in the
meta-analyss due to inadequate exposure data for exposure-response modeling.
Examples include a study of non-occupationdly exposed women from two chrysotile
ashestos mining regions (Camus et d. 1998) and a sudy of railroad workers employed
by shops that processed different proportions of amphibole fibers (Ohlson et d. 1984).
Both studies, she noted, provide evidence that amphibole fibers exhibit greater lung
cancer potency. This pandist added that studies of auto mechanics have provided no
convincing evidence of increased lung cancer due to chrysotile exposure, though she
acknowledged that the abosence of an effect might reflect the short fiber length in the
friction brake products. One panelist cautioned about inferring too much from these
studies regarding fiber type because they were not controlled for other factors, such as
fiber length and leve of exposure.

> One panelist added that a recent study of a cohort of Chinese asbestos plant workers
(Yano et d. 2001) should be considered in future updates to the proposed protocoal;
the workers in the cohort had increased risks for lung cancer and were reportedly
exposed to “amphibole-freg’ chrysotile asbestos. However, another pandlist cited a
publication (Tossavainen et d. 2001) that indicates that asbestos from many Chinese
chrysotile mines actudly does contain varying amounts of amphibole fibers.

> Severd pandists noted that the proposed protocol’ s meta-analysis found a 5-fold
difference in lung cancer potency between amphibole and chrysotile fibers. However,
other panelists indicated that the reported difference was not satisticaly significant.
Some panelists had additional reservations about the authors meta-analyss, as
summarized in the following bulleted items.

Comments on the meta-analysis approach. Severd panelists commented on dternate
gpproaches the authors could have used to conduct their meta-andlysis of the epidemiology
studies. One panelist noted that the lung cancer potencies reported by the various studies exhibit
consderable heterogeneity. In such cases, meta-regresson is conventionally used to identify
which factors account for the variability in the results (i.e., in the lung cancer potencies). This
pandlist suggested that the meta-andysis should have considered other factors in addition to
fiber type and dimengon; such other factors could include industry, follow-up time for the
cohort, and estimated percentage of amphibole fibers in the exposures, to the extent that data on
these other factors are available.

To demongrate how more detailed investigation might reved further insghts, one pandist
presented hisown initid datistica andyss of the epidemiologicd sudies. Thisandyssused a
fixed effects model and arandom effects modd, both inverse weighted by the variance of the
sudies. Hisandysis examined how industry and fiber type contribute to the heterogeneity
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observed among the cohorts and found that the industry of the cohort appears to be a stronger
predictor than fiber type. The pandist explained that the purpose of displaying his statitical
andysiswas to highlight how other approaches to conducting meta-andys's can offer different
indghts on the epidemiologica data. This panelist recommended that the authors conduct smilar
meta-regresson analyses to investigate the importance of various variables on the lung cancer

potency.

This pandigt dso demongtrated how a sengtivity analysis might yied additiond information on
influentid sudies. Using afixed effects modd, the pandlist first showed how lung cancer potency
factors (K| ) vary with exposure to chrysotile fibers, amphibole fibers, and mixed fiber types.
When dl epidemiologica studies were considered in his analys's, the amphibole fibers were
found to be three times more potent than the chrysotile fibers. When the cohort of chrysotile
miners and millers from Quebec was omitted from this analys's, however, the amphibole fibers
were found to be nearly two times less potent than the chrysotile fibers. Conversely, when the
cohort of textile workers from South Carolina was omitted, the amphibol e fibers were found to
be more than ten times more potent than the chrysotile fibers. Given that the conclusions drawn
about the relative potency of chrysotile and amphibole fibers gppear to be highly sengtive to
whether single studies are omitted from the analyss, this pandlist was more skeptica about
whether the increased potency of amphibole fibersis arobust finding. He recommended that the
authors, when completing the proposed protocol, conduct Smilar sengtivity analysesto help
reved the factors or studies that appear to contribute most to lung cancer.

Another panelist agreed with this feedback, and provided further comments on the meta-
andyds, nating that these andyses typicdly start with establishing criteriafor sudy incluson.
After sdlecting studies to evaluate, she said, various satistica andyses can be used to test
hypotheses and to understand the concordance and disparity among the individua studies. The
pandist thought such an approach is needed to help understand the variability in potency factors
observed across the multiple studies and to identify for further analysis the studies found to be
most descriptive of exposure-response. To clarify the authors approach, Dr. Berman indicated
that the meta-andysis considered any published epidemiologica study with sufficient quantitative
exposure data that alowed for a reasonable estimate of the exposure-response relationship;
uncertainty factors were than assigned to give greatest weight to the most robust studies. In
response, additiona pandists concurred with the origind comment that meta-analyses
conventionaly begin with establishing explicit sudy inclusion criteria. These pandigs darified
that they are not advocating removing amgjority of studies currently consdered in the proposed
protocol, but rather being more judiciousin selecting the studies to evaluate.

One pandigt offered additiona comments on the meta-analysis. He supported, for instance, the
use of sengtivity andyses, and encouraged the authors to conduct additional andyses to identify
influential studies, factors that contribute to risk, and the impact of different weighting factors.
The pandist aso0 noted that more sophisticated statistical methodologies (e.g., Bayesan
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modeing, Markov Monte Carlo) can be used to generate distributions of outputs, rather than
discrete vaues, which might offer grester understanding of the inferences that can be drawn from
the epidemiologica studies.

Disparate findings from the South Carolina and Quebec cohorts. Multiple pandists noted
that the issue of the relative lung cancer potency of chrysotile and amphibole fibers depends
largdy on how one interprets the disparate findings from the cohort of textile workersin South
Carolinaand the cohort of chrysotile miners and millersin Quebec. Two of these pandists
indicated that the relative potency issue likely will not be resolved until the underlying reasons for
the differences between these two studies are better understood. The other panelist viewed the
difference in potency observed acrossindudtries (i.e., mining versus textile) as a more important
matter than the difference between the two specific cohorts. When discussing these studies, two
pandists indicated that the increased lung cancer risk for the South Carolina cohort might be
attributed to exposure to amphibole fibers, which are known to be found in trace levelsin
commercid chrysotile.

Relevance of fiber durability. One panelist noted that the issue of fiber durability often enters
the debate on the relaive lung cancer potency of chrysotile and amphibole fibers. Though he
agreed that the animd toxicology dataindicate that amphibole fibers are more persstent than
chrysotile fibers, the panelist noted that trends among the human epidemiologica
data—particularly the fact that lung cancer risk does not gppear to decrease with time since last
exposure, even for chrysotile—suggest that the lower durability of the chrysotile fibers might not
be important.

I nfluence of smoking. The panelists had differing opinions on how the proposed protocol
should address cigarette smoking. In terms of inferences drawn from the epidemiological
literature, two pandists noted that very limited data are available on smoking, making
quantitative andysis of its interactions with asbestos exposures difficult. Specificaly, only one
sudy includes detailed information on smoking, but that study found no difference in lung cancer
potency between smokers and non-smokers. During this discussion, Dr. Berman explained that
the proposed protocol assumes a multiplicative interaction between smoking and asbestos
exposure, condstent with EPA’s 1986 modd. Dr. Berman noted that a multiplicative factor in
the modd, «, represents the background risk in the sudied cohort reative to therisk in the
comparison population, and both groups include smokers; he added that the influence of
smoking is addressed implicitly in the model becauseit isardative risk modd in which the effect
of asbestosis multiplied to the background risk that is present. A pandist clarified, however, that
neither the potency factors nor « were derived based on observations of smoking prevaencein
the epidemiologica sudies.

One panelist emphasized that the confounding effects of smoking greetly complicates the andysis
of lung cancer potency. He noted that the relative lung cancer risk from asbestos exposure is
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congderably lower than that for cigarette smoking. As aresult, the panelist wondered how the
meta-anadysis can truly discern the relative potency of the ashestos fiber types from studies that
present no information on cigarette smoking. This panelist provided an example to illudrate his
concern: if agiven cohort has between 5 and 10% more smokers than the typica population,
thisincreased prevaence of smoking aone could totdly confound relative risks attributed to
ashestos. The pandist indicated thet al future andyses of epidemiologica datawill suffer from
amilar limitations, 0 long as detalled information on smoking is not available.

# General comments. During this discusson, some pandigs offered severd genera comments
that apply to the entire proposed protocol. These comments included concerns about the
trangparency of the andyses, questions about data tables being inconsstent with text in the body
of the report, and some pandigts’ inability to reproduce certain findings from the available data.
These generd comments are reflected in the executive summary of this report.

3.1.2 LungCancer and Fiber Type: Inferencesfrom Animal Toxicology and
M echanistic Studies

The pandligts offered varying ingghts on the inferences that can, or should, be drawvn from animd
toxicology studies and mechanigtic studies regarding the relative lung cancer potency for chrysotile and
amphibolefibers,

Citing various publications (e.g., Lippmann 1994), multiple pandigts noted that the anima toxicology
studies do not support the 5-fold difference in lung cancer potency between chrysotile and amphibole
fibers. Two pandists added that the absence of different potencies might result from the anima studies
being of too short duration (typicaly no longer than 2 years) for the greater dissolution of chrysotile
fibersto be an important factor. Another pandist added that exposure levelsin some animd studies are
not relevant to human exposures; as an example, he noted that arecent rat inhdation study (Hesterberg
et a. 1998) involved exposure levels at 11,000 fibers per cubic centimeter. These pandlists indicated
thet the anima dudies are generaly more informative of how lung cancer potency varies with fiber
length (see Section 3.1.4), and are less informative on how potency varies with fiber type.



The pandigs noted that in vitro studies exhibit various findings, depending on the study design and
endpoint assessed. One pandigt, for ingtance, indicated that some in vitro studies suggest that
chrysotile fibers are actualy more potent than amphibole fibers. Other pandists added that many in
vitro studies show crocidolite being consderably more toxic than chrysotile. These pandlist cautioned
againg drawing firm condusions from thein vitro studies, however, given that the study duretion isfar
too short for any impact of dissolution to be observed. Findly, another pandlist referred to the
Internationa Agency for Research on Cancer (IARC) consensus stlatement on fiber carcinogenesis for
an overview of inferences that can be drawn from mechanigtic sudies: “ Overdl, the avallable evidence
in favor of or againg any of these mechanisms leading to the development of lung cancer and

mesothelioma in ether animas or humansis evauated as weak” (IARC 1996).

Based on the previous comments, the pandists cautioned about attempting to draw inferences from the
animd toxicology for severd reasons. One pandig indicated thet the animd studies have limited utility
because lung cancer in humans results from a complex set of exposures, including cigarette smoke, and
because rats, when compared to humans, develop different types of tumors a different Sites. Another
pandigt reiterated that the duration of most anima studies preciudes one from observing dissolution
effects Given these limitations, two pandists emphasized that conclusions should be based primarily on
the epidemiologicd data, especidly consdering the volume of human data that are available. Though
not disagreeing with this recommendation, one panelist noted that the exposure index—one of the
major outcomes of the proposed protocol—is, in fact, based on observations from animal studies.

3.1.3 Lung Cancer and Fiber Dimension: Inferences from the Epidemiology
Literature

The pandists made severd observations regarding what can be inferred from the epidemiology
literature on how lung cancer potency varies with fiber dimension, though they first noted that most
published epidemiology studies do not include detailed data on the distribution of fiber dimensionsto
which cohorts were exposed. Overdl, the pandists generaly agreed that indirect evidence from the
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epidemiologica studies supports the proposed protocol’ s finding that longer fibers have greater
carcinogenic potency for lung cancer. They added, however, that the epidemiology literature provides
no evidence to support or refute the magnitude of the relative potencies used in the proposed protocol
(i.e, fiberslonger than 10 um being 300 times more potent than those with lengths between 5 and 10
pm). The panelists made no comments about fiber diameter when discussng this matter. Specific

discussion topics follow:

# Observations from the epidemiology literature. The panelistsidentified severd studies that
provide generd insights on the role of fiber sizein lung cancer. One pandlig, for ingtance, noted
that cohorts of textile workers, which were believed to be exposed to relatively longer ashestos
fibers, exhibit higher lung cancer relative risks than do cohorts of miners or cement product
workers. Another pandlist indicated that studies of taconite miners from Minnesota (Cooper et
a. 1988) and gold miners from South Dakota (McDondd et d. 1978) found no increased lung
cancer risks among the cohorts, which were known to be exposed primarily to fibers shorter
than 5 um (see Dr. Casg' s premeeting comments for further information on these sudies). This
panelist added that the Minnesota Department of Hedlth is currently updating the study on
taconite miners and a publication is pending. Another pandlist added that epidemiology studies
of workers exposed to asbestos from friction brake products show no clear evidence of
increased lung cancer. This pandist acknowledged that these epidemiology studies do not
include exposure measurements, but other studies of thiswork environment have indicated that
the asbestos fibersin friction brake products are predominantly short chrysotile fibers.

# Relevance of fibrous structures shorter than 5 pm. Some pandists noted that no
epidemiology studies have examined the rdative potency specifically of fibrous structures shorter
than 5 um, thus no conclusions could be drawn from the epidemiology studies done. While not
disagreeing with this observation, one pandist reminded pandists that airborne particles and
fibers have a broad distribution of fiber lengths, with a clear mgjority (75-90%) of fibrous
structures being shorter than 5 um. This pandist added that indirect inferences can be drawn
from the epidemiology studies listed in the previous bulleted item. Another pandlist noted thet the
fibrous structures shorter than 5 pm behave more like particles rather than fibers, at leest in
terms of lung deposition and clearance patterns. Findly, two pandigsindicated that an ATSDR
expert pand recently evauated the issue of relative potency of fibers shorter than 5 pm;
however, the find report from that expert pane meeting was not available until after the peer
consultation workshop. The find report has since been released, and a conclusion from that
pand was that “there is a strong weight of evidence that asbestos and synthetic vitreous fibers
ghorter than 5 um are unlikely to cause cancer in humans’ (ERG 2003).



Statistical analysesin the proposed protocol. Asindirect evidence that longer fibers have
greater carcinogenic potency, one pandist indicated that the exposure-response modeling by
Drs. Berman and Crump showed an improved fit to the observed relative risk from
epidemiology studies when using an exposure index that assigns grester weight to longer fibers
and no risk to fibers shorter than 5 pm. Another panelist concurred, but added that the authors
could have atempted to determine the specific weighting (i.e., between longer and shorter
fibers) that would optimize thefit to the epidemiological sudies.

3.1.4 Lung Cancer and Fiber Dimension: Inferences from Animal Toxicology and
M echanistic Studies

The pandligts generdly agreed that the anima toxicology studies and mechanigtic studies indicate that

fiber dimension—especidly fiber length—plays an important role, both in terms of dosmetry and

pathogenesis. However, pandigts had differing opinions on the specific cut-offs that should be used for

fiber diameters and lengths in the exposure-response modeling (though pandists generaly concurred

that fibers shorter than 5 um should be assigned zero potency).

Fiber length. Multiple panelists noted that the animad toxicology studies provide compelling
evidence that lung cancer potency increases with fiber length. Another panelist agreed, but had
reservations about assgning no potency to fibrous structures shorter than 5 pm, based on a
recent study of refractory ceramic fibers (Bellman et a. 2001) that found that the incidence of
inflammation and fibrosis gppears to be related to the presence of smdl fibersin the lung. This
pandigt indicated that exposure to smal fibers likely has some bearing on the oxidative stress
gate and inflammation in the lung, and he suspected that the exposure-response relationship for
long fibers might depend on co-exposures or past exposures to shorter fibers. Based on these
observations, the panelist was hesitant to exclude fibrous structures shorter than 5 pm from the
proposed risk assessment methodology. On the other hand, another pandlist added that animal
toxicology studies have shown that fibross endpoints are strongly related to fiber length, with
expaosures to shorter fibers showing less evidence of fibrosis or lung damage. The pandlists
revigted the significance of fibers shorter than 5 pm when discussing the proposed exposure
index (see Section 4).

Fiber diameter. The pandids offered severa comments on the role of fiber diameter in the
proposed protocol. Noting that fibers with diameters up to 1.5 pm are capable of penetrating to
sengtive portions of the lung during ord inhaation, one pandigt indicated that this range of fiber
diameters should not be excluded from future risk assessments. Other pandlists shared the
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concern of assgning no lung cancer potency to respirable fibers with diameters grester than 0.5
pm, especialy congdering that respirability petternsin laboratory animals differ from thosein
humans (i.e,, thicker fibers are more likely to deposit in the human lung than they arein the rat

lung).

The panelists also discussed a statement in the proposed protocol that “few fibers thicker than
0.7 pm appear to reach the deep lung.” Firgt, one panelist indicated that the proposed protocol
includes outdated information on fiber deposition patterns; he recommended that the authors
obtain more current ingghts from specific publications (e.g., Lippmann 1994) and from the latest
lung dosimetry mode developed by the Internationa Commission on Radiologica Protection.
Second, another panelist questioned the relevance of deposition in the deep lung, because
humans tend to develop bronchogenic carcinomas, while rats develop bronchodveolar
carcinomas. Another panelist cautioned againgt inferring that asbestos fibers must deposit on
bronchid arways to cause lung cancer in humans, noting that significant accumulation of
ashestos fibers does not occur in the airways where carcinomas develop in humans, due
primarily to mucociliary clearance; this pandist suspected that deposition of fibersin the deep
lung islikely related to lung cancer formation in humans, though the mechanisms of
carcinogenesis are not fully understood.

3.1.5 Other Issues Related to Lung Cancer

The pandlists discussed severa additiona issues related to the proposed protocol’ s evaluation of lung
cancer potency. Most of the discussion focused on the utility of non-linear exposure-response
modeling, but other topics were aso addressed:

# Consideration of non-linear exposure-response models. The pandigs had differing
opinions on the extent to which the proposed protocol should consider non-linear exposure-
response modeing. On the one hand, one panelist strongly recommended that EPA consider
exploring the gpplicability of non-linear exposure-response models, given his concerns with
linear low-exposure extrgpolation. This panelist acknowledged that the revised linear modd in
the proposed protocol clearly provides an improved gatisticd fit to the epidemiological data
when compared to EPA’s 1986 lung cancer model, but he advocated more detailed exploration
of non-linear cancer risk models, particularly to account for observations of cohorts with low
exposures. This pandist was particularly concerned about the cancer risks that would be
predicted for low exposures: because the dope in any linear lung cancer mode will be
determined largdly by highly-exposed individuas, he questioned whether the dope derived from
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high exposures truly appliesto lowly-exposed individuds. To demondrate his concern, this
pandist indicated that the epidemiologica studies consstently show that cohorts (or subsets of
cohorts) with low exposure generally exhibit no increased lung cancer risk (Sandardized
mortdity ratios not satigticaly different from 1.0). To account for the possibility of athreshold
or non-linearity in the exposure-response reationship, this panelist recommended that EPA
investigate alternate exposure-response models, such as linear-linear modds (i.e., models with
two linear exposure-response regions having different dopes) or log-linear models.

Other pandists generdly supported these comments. One pandigt, for instance, noted that
EPA’s Draft Revised Guidelines for Carcinogen Risk Assessment indicates that exposure-
response relationships should first be evaluated over the range of exposure observations, and
then various gpproaches to extrgpol ate to exposure levels outside (i.e., below) this range should
be investigated. Another panelist added that some studies finding no evidence of lung cancer
risks among large cohorts with low exposures should factor into the decision of whether the lung
cancer modd should include thresholds; he cited a study of non-occupationally exposed women
from chrysotile mining regions in Canada (Camus et d. 1998) to illustrate his concern. Other
pandists noted that the utility of this study is limited, because exposures were not measured for
individuds; further, apandist darified that goproximatdy 5% of the individuas consdered in this
study were occupationally exposed. Findly, one pandist indicated that evidence from the
epidemiology literature strongly suggests there are asbestos exposure levels below which lung
cancer will not occur; this pandist added that he is unaware of any epidemiologica study that
has found evidence of lung cancer risk at exposure levels below 25 fiber-years. He
recommended that the proposed protocol at least acknowledge the lowest exposure level at
which lung cancer effects have been demonsrated.

On the other hand, some panelists were not convinced of the utility of conducting detailed
anayses a low exposures and investigating possible thresholds. One pandig, for instance,
indicated that a meaningful quantitative andyss of potentia thresholds will not be possible, so
long as the authors do not have access to raw data from additional epidemiologicd studies.
Further, this pandlist suspected that the protocol authors would find considerable heterogeneity
among exposure-response dopes for low exposures, and he questioned what conclusions could
be drawn by focusing exclusively on the low exposure region. Another panelist agreed, adding
that the fallure to find sgnificantly increased cancer risks among lowly-exposed cohorts very
likely results from poor datistical power and other uncertainties, and not necessarily from the
presence of an actua exposure threshold for asbestos-related lung cancer. Finaly, one pandist
indicated that the Nationa Ingtitute for Occupationa Safety and Hedlth (NIOSH) previoudy
examined athreshold mode for the cohort of South Carolina textile workers, and that andysis
reveaed that the best fit of the exposure-response data was a threshold of zero (i.e., the best fit
indicated that there was no threshold).
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3.2

Consideration of cigarette smoking. Severd times during the workshop, the panelists
debated the ability of the proposed risk assessment model to address interactions between
cigarette smoking and asbestos exposure. One panelist recommended that the authorsreview a
recent sudy that examined the role of cigarette smoking on lung cancer among chrysotile miners
and millersin Quebec, Canada (Liddell and Armstrong 2002). Although the panelists generdly
agreed that smoking is an important consderation for developing and gpplying the modd, some
pandlists were not convinced that the available data are sufficient to devel op an exposure-
response model that accurately portrays the interactive effects of asbestos exposure and
smoking. The pandists further discussed thisissue further later in the workshop.

Transparency of the proposed protocol. Severa pandissindicated that the review of
epidemiologicd datain the proposed protocal is not presented in a transparent fashion. One
pandig, for instance, sought more information on the uncertainty factors used in the meta-
anaysis, such as what ranges of factors were considered, what criteria were used to assign the
factors, and atable of the factors that were eventudly applied. This pandist dso recommended
that the proposed protocol identify the a-values that were determined for each epidemiologica
study and provide explanations for any cases when these values are unexpectedly large. Another
pandist indicated that the proposed protocol should more clearly differentiate conclusions that
are based on a meta-andysis of many epidemiologica studies from conclusons that are based
on adetailed review of just one or two studies.

The need to obtain additional raw data sets. The pandists unanimoudy agreed that EPA
should make every effort to try to obtain additiona raw data sets for the epidemiology studies,
such that the authors can further test how adequately the proposed risk assessment model
predicts risk. The executive summary of this report presents the pandists specific
recommendation on thisissue.

M esothelioma

The following paragraphs document the pandists responses to charge questions regarding inferences

from the epidemiology and toxicology literature on how mesothelioma potency varies with fiber type
(Sections 3.2.1 and 3.2.2) and fiber length (3.2.3 and 3.2.4).

3.21 Mesotheliomaand Fiber Type: Inferences from the Epidemiology Literature
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The expert pandists unanimoudy agreed that the epidemiology literature provides compelling evidence
that amphibole fibers have far grester mesothelioma potency than do chrysotile fibers—a finding
reported both in the review document (Berman and Crump 2001) and arecent re-analysis of 17 cohort
studies (Hodgson and Darnton 2000) that reported at least a 500-fold difference in potency. Two
pandists commented further that the epidemiology literature provides no scientific support for chrysotile
exposures having arole in causation of mesothdioma—an observation that is generaly consistent with
the meta-analysisin the proposed protocol, which failed to rgect the hypothesis that chrysotile fibers

have zero potency for mesothelioma.

The most notable response to this charge question was the agreement among most pandlists that
amphibole fibers are at least 500 times more potent than chrysotile fibers for mesothelioma, as
supported by two separate reviews of epidemiological studies. The pandists made additiona comments
on specific matters when responding to this question, as summarized below, but the key point in this
discussion was the agreement that chrysotileis afar lessimportant cause of mesotheliomathan are

amphiboles.

# Relative roles of chrysotile and amphibole. One panelist indicated that cohort sudies with
individua-level exposure-response data and the broader epidemiology literature both provide no
evidence of increased mesothdiomarisk due to chrysotile exposure. Further, this pandist noted
that 33 of 41 mesothelioma cases previoudy identified as occurring among workers primarily
exposed to chrysotile fibers (Stayner et d. 1996) were later reported as likely resulting from
exposures to tremolite fibers found in the chrysotile mines (McDondd et d. 1997). This pandist
noted that a recent finding of asmal mesothdiomarisk from chrysotile (Hodgson and Darnton
2000) results entirely on the assumption that the 33 mesothelioma cases mentioned above result
entirdly from chrysotile exposures. Based on these observations, this pandlist indicated that the
literature suggests that chrysotile exposures have limited, if any, role in causing mesothelioma. He
nonetheless supported the relative potency attributed to chrysotile in the proposed protocol as a
conservative measure in the overall risk assessment process.

# Specific comments on the Connecticut friction products workers. Another pandist
commented on an epidemiologica study of a cohort of workers employed at afriction products
plant in Connecticut. The pandist noted that the origind study (McDondd et d. 1984) did not
identify any deaths from mesothelioma, but review of the state cancer registry (Tetaet d. 1983)
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reveded that three Connecticut residents who died of mesothelioma were employed by the
same friction products company. One of these employees had amphibole exposures during the
time he worked for atextile plant that was under the same parent company that owned and
operated the friction products plant. The other two cases, the pandist noted, were femaes who
indeed worked at the friction products plant. A pathology review found that one of these cases
was awoman with probable pleural mesothelioma and 5 years of exposure; the other case was
a peritonea mesotheiomain awoman who aso had ashestosis, and worked as a clerk for 30
years. This panelist noted thet it was questionable to attribute the latter two mesothelioma
diagnoses to the chrysotile exposures at the friction products plant, though she added that this
possihility cannot be definitively ruled out. This panelist encouraged thet future review of this
epidemiologicd study should be revised given this new information.

# Comments on the proposed 500-fold difference in relative potency. The pandists had
severd comments on the finding in the proposed risk assessment methodology that amphibole
fibers are 500 times more potent for mesotheioma than are chrysotile fibers. Severa pandists
noted that thisfinding is consstent with that of arecent re-andyses of 17 epidemiologica studies
(Hodgson and Darnton 2000). Though not disagreeing that amphibole fibers are clearly more
potent, one pandist was concerned that the risk coefficients (K,,) were largely derived from
data sets with inadequate exposure-response information for mesothelioma, and assumptions
had to be made to determine critica inputs to the mesotheiomamodd (e.g., average exposure,
duration of exposure).

Other panelists commented on specific sections in the proposed protocol. One panelist, for
example, recommended that the authors check the accuracy of data presented in Table 6-16
and Table 6-29 of the report, which are not reported consistently. Another panelist suggested
that the authors better explain why separate risk coefficients for amphiboles and chrysotile were
calculated for some cohorts (e.g., Hughes et d. 1987) but not for others (e.g., Berry and
Newhouse 1983), even though the exposure information available for the studies appears to be
comparable. Finally, one panelist recommended that the authors of the proposed protocol
consder questions recently raised (Rogers and Mgor 2002) about the quality of the exposure
data originaly reported for the Wittenoom cohort (De Klerk et d. 1989) when evauating
exposure-response rel ationships for mesothelioma.

3.22 Mesothelioma and Fiber Type: Inferencesfrom Animal Toxicology and
M echanistic Studies

The pandigts discussed the inferences provided by anima toxicology data and mechanigtic data
regarding relative mesothelioma potency of different asbestos fiber types. Overal, two pandlists
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commented that the human epidemiologica data clearly establish that exposures to amphibole asbestos
fibers pose a greater mesothelioma risk than do exposures to chrysotile fibers. They added that the
animal toxicology data are generdly supportive of thisfinding, but the anima data suffer from some
limitations. Two pandlidts, for instance, noted that the utility of anima toxicology sudiesislimited by the
fact that rodents are rather insensitive to mesothelioma. These pandists added that the animal
toxicology sudiesinvolving intra-trached indtillation or peritoned injection are not directly rdevant to
the inhaation exposures that occur in humans. These limitations notwithstanding, the pandlists raised the
following points when discussng the anima toxicology and mechanistic Sudies

One pandist referred to one of his earlier publications (Lippmann 1994) for further insghts on the
occurrence of mesothdiomain anima sudies. At that time, this pandist noted, the animd inhaation
studies found fewer than 10 cases of mesothelioma, and the number of cases appeared to be greatest
among animals that were exposed to mixtures containing higher proportions of amphibole fibers. He
found this consstent with the influence of fiber type observed in the human epidemiologica data (see
Section 3.2.1).

During this discusson, one pandist reviewed a publication (Suzuki and Y uen 2001) that was mentioned
earlier in the workshop. The publication documents the amounts and types of asbestos fibers measured
in samples of pleura plagues and tumor tissue collected for lega cases. These anadyses reportedly
found rdatively large amounts of short, thin chrysotile fibersin the pleura, suggesting that these fibers
should not be excluded from the group of fibers believed to induce mesothdioma. The pandist had
severd criticisms of the study. Firdt, he indicated that the samples were andyzed using a non-standard
technique, without any controls. Second, he questioned the major finding of fibers being detected in the
pleura, because most of the samples analyzed were actudly tumor tissue, in which he would not expect
to find fibers. The panelist suspected that the chrysotile fibers reportedly found in the study likely result
from specimen contamination—a bias that would have been more gpparent had rigorous qudlity control

procedures been followed. Findly, the pandist noted that a more rigorous study (Boutin et a. 1996) of
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asbestos fibers in the parietd pleurafound a mixture of fibers, including long amphibole fibers, anong
living patients with asbestos-related conditions. Based on these concerns, the pandlist concluded that
the publication of concern (Suzuki and Y uen 2001) is serioudy flawed and its recommended should be
excluded from EPA’s analyses.

A specific issue raised regarding the anaytical technique in the study (Suzuki and Y uen 2001) was that
water was used during the digestion process. Noting that water may contain large amounts (>30,000
fiberg'L) of small ashestos fibers, another pandist suspected that the fibers detected in the sudy might
have resulted from contamination introduced during the digestion process. Because control samples
were not analyzed, the pandist said the study offers no evidence that the fibers detected truly were in
the origind pleura plagues or tumor tissues. He added that studies of lung-retained asbestos fibers
routinely detect primarily short, chrysotile fibers, and that the presence of the short fibersin the pleura
tissue—even if the measurements from the study are vaid—would not necessarily prove that short

fibers cause mesothdioma

3.2.3 Mesothelioma and Fiber Dimension: I nferences from the Epidemiology
Literature

The panelists commented briefly on how the human epidemiologica data characterize the role of fiber
size on mesothdiomarisk. Noting that exposure measurements in most every epidemiologica study do
not characterize fiber length distribution, one panelist indicated that these studies provide no direct
evidence of how fiber length is related to mesothelioma. He added that the studies offer conflicting
indirect evidence of the role of fiber length. Specificaly, the higher mesotheliomarisk coefficient anong
textile workers in South Caroling, when compared to that for the chrysotile miners and millersin
Quebec, could be supportive of longer fibers being more potent, since exposures in South Carolina had
alarger percentage of long fibers. However, a cohort of cement plant workersin New Orleanswas
found to have a higher mesotheliomarisk coefficient than that of the South Carolina cohort, even though
the South Carolina workers were exposed to higher percentages of long fibers. Finally, asindirect
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evidence that carcinogenic potency increases with fiber length, this pandlist noted that the mesothelioma
risk modd using the proposed exposure index, which is heavily weighted by long fibers, provided a
consderably improved fit to the epidemiological data.

The pandligts briefly revisited the inferences that can be drawn from studies of lung-retained fibers. One
pandist again commented that results from arecent study (Suzuki and Y uen 2001) should be viewed
with caution. He added that several other lung pathology studies (e.g., McDonald et a. 1989, Rogers et
a. 1991, Rode sperger et d. 1999) have been conducted using more rigorous methods, such as using
gppropriate controls for age, sex, and hospitd. These studies dl showed that risk of mesotheliomawas
congderably higher for individuas with larger amounts of long fibers retained in their lungs.

One pandigt indicated that results from astudy of lung-retained fibers (Timbrell et d. 1988) suggest
fiber diameter plays arule in mesothdiomarisk: the study observed no mesothelioma cases among a
population highly exposed to anthophyllite fibers, which tend to be thicker fibers. Citing his earlier
review of mesothelioma cases (Lippmann 1988), the panelist also noted that crocidolite fibers are both
thinner than and more potent than amosite fibers, which further supports the hypothesis that

carcinogenic potency for asbestos decreases with increasing fiber diameter.

3.24 Mesotheliomaand Fiber Dimension: Inferencesfrom Animal Toxicology and
M echanistic Studies

The pandists made few observations on findings from anima toxicology studies regarding mesothelioma
and fiber length. One panelist indicated that findings from the animd toxicology studies generdly

support the overdl finding that mesothelioma risks are greetest for long, thin fibers. However, another
pandist noted that his earlier review of mesothelioma risks (Lippmann 1988) hypothesized that the
critical fibers for mesotheliomainduction are those with lengths between 5 and 10 pm. This pandlist
added that fibers of this dimension are more likely to trandocate to the pleura than are longer fibers, but
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he acknowledged that it is unclear whether fibers must first trandocate to the pleurain order to cause
mesothelioma.

Some pandigs indicated that fiber durability likely plays arolein inducing mesothdioma, based on the
fact that mesothdiomais more eadily induced in animas using administration methods (e.g., peritoned
injection) that remove the importance of dissolution.

3.3 ExposureEgtimatesin the Epidemiology Literature

The pandigts raised numerous issues when responding to the third charge question: “To what extent are
the exposure estimates documented in the asbestos epidemiology literature reliable?” Recognizing that
the exposure estimates from the epidemiology studies are critical inputs to the exposure-response
assessment, the pandists expressed concern about the exposure data: few studies provide detailed
information on fiber sze didtribution; many studies report exposures using outdated sampling and
andytica methodologies (e.g., midget impinger); individud-level data are not available for most sudies,
and many studies do not report detailed information on parameters (e.g., exposure levels, exposure
duration) needed to evauate exposure-response relationships, particularly for mesothelioma. Their

gpecific concerns on these and other matters follow:

# Concernsregarding exposure estimates in specific studies. Some panelists expressed
concern about the assumptions made to interpret the exposure data origindly reported in the
epidemiology studies. One pandlist reviewed specific examples of these concerns:

> The origind study of workers at a Connecticut friction products plant (McDonad et d.
1984) reports exposures measured by midget impingers (in units of mmpcf), with no
information on how to convert thisto PCM measurements, and the origind publication
includes limited data on exposure duration.

> The origina study of workers a a New Jersey insulation factory (Seidman et d. 1986)
did not report any exposure measurements from the factory studied, and data collected
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from another plant with smilar operations were used to characterize exposure-response
for this cohort.

> The origina study of workers at a Texas insulation factory (Levin et d. 1998) reported
arange of exposure levels (15-91 fibers/mL), and the authors of the proposed protocol
assigned an average exposure leve (45 fibers/mL) to the entire cohort.

> The origind study of U.S. insulation gpplicators (Selikoff and Seidman 1991) has no
information on exposure. The proposed protocol assumes that all workers were
exposed to 15 fibersmL for 25 years, based on a separate review of exposures among
insulation workers (Nicholson 1976).

> The origind study of retirees from the U.S. Asbestos Products Company (Enterline et
a. 1986) reported exposures based on midget impinger sampling, with no information
on how to convert these exposuresto PCM measurements.

> According to arecent letter to the editor (Rogers and Mgor 2002), the origina study
of the Wittenoom cohort (De Klerk et d. 1989) might have overestimated exposures,
possibly by as much as afactor of 10.

The previous comments led to a discussion on whether certain studies should be excluded from
the meta-analysis used in the proposed protocol (see next bulleted item). Prior to this discussion,
one panelist expressed concern about being overly critica of the exposure estimates used for
many of the studies listed above; he emphasized that al exposure estimates appear to be based
on acriticd review of the literature, and no estimates are completely arbitrary, as some of the
pandists commentsimplied.

Comments on using study inclusion criteria for the meta analysis. Given the concerns
about the quality of exposure data reported in some epidemiology studies, the pandlists debated
whether future revisions of the proposed protocol should exclude certain studies from the
exposure-response analyss. The panelists were divided on this matter.

On the one hand, severd pandlists recommended that the authors devel op and apply study
incluson criteriain the exposure-response eva uation, as is commonly done when conducting a
meta-analyss. One panelit, for instance, recommended assessing exposure-response
relationships for only those studies found to have adequate exposure data, and then using a
sengtivity andyss to examine the effect of excluding studies with inadequate exposure data.
These paneligts clarified that they are not advocating disregarding the mgority of studies; rather,
they are suggesting Smply that the authors of the proposed protocol use study incluson criteria
and sengtivity analyses to ensure that the conclusions are based on the best available exposure
data.
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On the other hand, severd pandlists supported the current approach of using as many studies as
possible and accounting for the quality of the exposure measurements in the uncertainty factors.
One pandig, for example, commended the authors for being as inclusive as possble when
reviewing the studies; he supported the gpproach of recognizing the limitations of the available
exposure data and accounting for these limitations in the uncertainty factors that were ultimately
used to weight the studies in the metarandysis. This pandlist acknowledged thet the exposure
esimatesin some of the epidemiologica studies might be rough estimates, but he emphasized
that the estimates are not worthless and should not be discarded. Other pandlists concurred with
these comments, and did not support applying overly redtrictive study inclusion criteria

Comments on the uncertainty factors assigned to each study. The panelists made severd
comments on the uncertainty factors that the authors assigned to each study. Dr. Berman firgt
explained the four uncertainty factors: the first factor (F1) characterizes the confidence in
exposure estimates; the second factor (F2) represents the confidence in the conversion to PCM
measurements from other exposure metrics (typicaly midget impinger anayses); the third factor
(F3) characterizes the confidence the authors had on worker history data; and the fourth factor
(F4) was a non-exposure related factor to account for other uncertainties (e.g., lack of
information on confounders, incomplete or inaccurate mortdity ascertainment). Dr. Berman
described generdly how the individuad uncertainty factors were assigned and noted that each
factor could range from 1 to 5.

The pandigts comments primarily focused on the trangparency of how uncertainty factors were
presented and incorporated into the meta-andysis. Multiple pandists, for instance,
recommended that future revisons to the proposed protocol include atable that lists the
uncertainty factors assigned to each study. Further, one panelist suggested that the revised
protocol describe the assumptions inherent in the uncertainty factor weighting gpproach, such as
explaining why some factors are assigned vaues over a broader range than others (e.g., why F1
vaues span a broader range than F4 vaues) and describing why the individua uncertainty
factors have equa weightsin generating the composite uncertainty factor. Another pandist
agreed, and added that the revised protocol should more explicitly describe how the uncertainty
factors were combined into the composite factor and how this composite factors affects the
weighting of studiesin the meta-analysis. Expanding on this point, another pandist suggested that
the find document more clearly explain that the final estimates of cancer risk coefficients (K *
and K,*) are actudly weighted averages of the epidemiologica studies, with the weights
assigned to each study being afunction of that sudy’s uncertainty. This pandist dso
recommended that the revised document clearly state how, if at dl, the fraction of amphibole
fibers and the fraction of fiberslonger than 10 um are reflected in the uncertainty factors.

Some panelists debated the utility of dternate approaches that could be used to assign

uncertainty factors. Two pandlists noted that the approach used to assigning uncertainty factors
Is somewhat subjective, because different groups of andysts would likely assign different
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uncertainty factors. To avoid the gppearance of arbitrariness, these panelists suggested using
aternate meta-andysis gpproaches that do not require using uncertainty factors. They noted, for
example, that the authors could use arandom effects model in which resdud inter-sudy
vaiation is estimated. Another suggestion was to conduct sengtivity andyses examining the
effects of including or excluding studies, depending on the uncertainty factors assgned to them.

Another pandist disagreed with these comments and supported the andlysesin the proposed
protocol; this panelist indicated that the authors had no choice but to make judgments based on
the information documented in the epidemiology literature. He suggested that EPA consider
convening a separate expert pand to assign uncertainty factors, if panelists do not support those
selected by Drs. Berman and Crump.

Assumptions made to convert exposur e estimates from midget impinger sampling.
Severd panelists noted that the origind publications for many epidemiology studies document
exposure estimates based only on midget impinger sampling and do not include any informeation
on how to convert these exposures to levels that would be measured by more modern methods
(eg., PCM, TEM). The panelists noted that the conversion factor (from mmpcf to fibers/mL)
can vary condderably from one occupationa setting to the next.

I nter pretations of the study of South Carolina textile workers. The pandists had different
opinions on interpretations of the study of South Carolinatextile workers (Dement et d. 1994).
One pandig, for instance, found this particular study to be an outlier among the other
epidemiologicd studies, and he recommended that the authors exclude this sudy from the
exposure-response analysis until the causes for the increased relative risks observed for this
cohort are better understood. Ancther pandist suggested that the proposed protocol should
classify the South Carolina cohort as being exposed to mixed asbestos fibers, rather than being
exposed to chrysotile fibers. He indicated that some workers in the cohort were exposed to
amosite and crocidolite, in addition to being exposed to chrysotile.!

Other pandigs, however, did not think the South Carolina study should be excluded from
EPA’s andyss One panelist was troubled about criticisms of the exposure estimates for this
cohort, given that thisis one of few studies in which co-located samples were collected and
andyzed usng different methods, thus providing Ste-specific data for converting midget impinger

L After reviewing adraft of this report, one panelist indicated that it isimportant to note that exposure data

for the South Carolina cohort are available from more than just one reference (Dement et al. 1994). He suggested that
EPA use data from studies conducted by McDonald in the 1980s of a parallel cohort in the same plant. However, he
cautioned EPA against treating multiple studies of the same relatively small group of workers as separate studies,
considering the large overlap of workers studied by the two groups of investigators. This panelist encouraged EPA

to consider other data sources for this cohort, given that a recent re-analysis of epidemiological studies (Hodgson

and Darnton 2000) severely criticized the data source EPA uses (Dement et al. 1994), to the point of those data being
dropped from the recent re-analysis altogether.
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sampling results to PCM measurements. Another pandist chalenged suggestions that the South
Carolinastudy is an outlier; he indicated that the South Carolina study is one of the more
rigorous epidemiology studies available for asbestos exposures, and he found no vaid scientific
reasons for discarding it. During this discusson, one pandist point out in response that the South
Cardlinastudy isindeed an outlier among the textile cohorts, with adope which is higher than
ether of the two textile cohorts; this pandist did acknowledge that the lung cancer risk among
the textile cohorts is greater than that among the mining cohorts. This panelist added that
scientists need a better explanation for why the lung cancer risk among the South Carolina
cohort is greater than that of other cohorts before the South Carolina study can achieve
credibility, especidly considering that exposures in South Carolina were supposedly to “ pure”’
chrysotile.
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4. COMMENTSON TOPIC AREA 2: THE PROPOSED EXPOSURE INDEX

This section summarizes the pandists responses to the charge questions pertaining to the proposed
exposure index. Section 4.1, 4.2, and 4.3 document the panelists' responses to charge questions 4, 5,

and 6, respectively.

4.1 Responsesto Charge Question 4

Charge question 4 asks. “The proposed exposure index does not include contributions from fibers
shorter than 5 um. Please comment on whether the epidemiology and toxicology literature support the
conclusion that asbestos fibers shorter than 5 um present little or no carcinogenic risk.” The pandists
discussed this matter earlier in the workshop (see Sections 3.1.3 and 3.1.4 for these comments), and
provided additiona insghts on the matter. Overdl, the panelists agreed that carcinogenic potency
increases with fiber length, particularly for lung cancer. Most pandlists supported assigning no potency
to fibrous structures smaler than 5 um. Some pandists agreed that the short fibrous structures are
clearly less potent than long fibers, but they had reservations about assigning zero potency to the
sructures smdler than 5 pm; these pandists acknowledged that the toxicity of the short fibrous
structures might be adequately addressed by EPA’ s air quaity standards for particulate matter. Specific

comments on this charge question follow:

# Reference to ATSDR’s expert panel workshop on therole of fiber length. Two pandists
noted that ATSDR convened an expert pand in October 2002 to discuss the role of fiber length
on toxicity, and much of that discusson specificdly addressed fibrous structures smdler than 5
pm. A main conclusion of that pand was that there is*a strong weight of evidence that asbestos
and synthetic vitreous fibers shorter than 5 pm are unlikely to cause cancer in humans’ (ERG
2003). The panelists encouraged EPA to review the summary report prepared for that
workshop, which was officidly released on March 17, 2003, and is available on-line at:
www.atsdr.cdc.gov/HA C/asbestospand.

# Evidence from epidemiological studies. One pandlist indicated that the epidemiologica
studies do not provide direct evidence of the role of fibrous structures shorter than 5 um.
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However, the pandist indicated that a growing body of evidence suggests that the cohorts
predominantly exposed to shorter fibers (e.g., friction brake workers, gold miners, taconite
miners) do not have statistically sgnificant increased cancer risks. This pandist added thet the
mechanigtic sudies provide the strongest evidence for assigning no potency to fibrous structures
(see next bulleted item). Another pandist agreed with these statements, and added that his
interpretation of data compiled by the National Cancer Indtitute provide additiond indirect
evidence of short fibrous structures presenting little or no carcinogenic risk (see page 102 of the
premeeting comments in Appendix B).

The pandigs briefly revisited the findings from a recent publication (Suzuki and Y uen 2001) that
reported finding relaively large amounts of short, thin chrysotile fibersin maignant mesothelioma
tissue. Severd panelists encouraged that these findings not be considered in the risk assessment
methodology for reasons cited earlier in the workshop (see Section 3.2.2).

Evidence from mechanistic studies. The panelists offered different interpretations of
mechanigtic sudies. One panelist indicated that mechanistic studies have shown that shorter
fibers are cleared more readily than long fibers from the adveolar region of the lung by
phagocytos's, and therefore provide supporting evidence that short fibers play little or no rolein
carcinogenic risk. This pandist acknowledged that extremely high doses of particular matter and
other non-fibrous structures can generate biologica responses (e.g., inflammation), but he
doubted that such “overload” conditions would be reevant to the environmental exposures that
the proposed protocol will be used to evauate.

Another panelist agreed that long fibers are clearly more potent than short fibrous structures, but
he questioned the conclusion that short fibrous structures have no impact on carcinogenic risk.
This pandlist noted that mechanistic sudies have demongtrated that short fibrous structures and
spherical particles, like silica, can dlicit the same toxic responses (e.g., generate reactive species,
dimulate proliferative factors) identified for asbestos fibers. This pandist added, referring to his
premeeting comments, that exposure to short fibers could cause inflammation and generation of
oxidative species that might increase the response to long fibers (see Bellman et d. 2001).
Overdl, this panelist acknowledged that long fibers are more persstent than short fibersin the
lung and should be weighted more heavily in the exposure index, but he was hesitant to assgn
the short fibrous structures zero potency.

I mplications on sampling and analytical methods. One pandist commented on the
practica implications, from a sampling perspective, of any changes to the exposure index. This
pandigt indicated that measuring al fibers (including structures shorter than 5 um) in
environmenta samples would not only be expengive, but dso would compromise the sengtivity
of measuring the longer fibersthat are most predictive of cancer risk. This pandist
acknowledged that human exposure is predominantly to fibrous structures less than 5 um, but he
noted that the amounts of short fibrous structures retained by the lung tend to be very strongly
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4.2

correlated with the amounts of long fibers retained by the lung. Due to this correlation, this
pandlist noted that measuring long fibers with sufficient accuracy would alow one to estimate
amounts of short fibrous structures in a sample. This panelist added, however, that he seesno
benefit of characterizing exposures to fibrous structures smdler than 5 pm, given the conclusion
that such fibers do not cause cancer (ERG 2003).

Responsesto Charge Question 5

Charge question 5 asks: “The proposed exposure index isweighed heavily by fibers longer than 10 um.

Specificaly, Equation 7.13 suggests that the carcinogenic potency of fibers longer than 10 pm ismore

than 300 times greater than that of fibers with lengths between 5 and 10 um. How consgtent isthis

difference in carcinogenic potency with the epidemiology and toxicology literature?” The panelists

responses to this question follow:

Consistency with epidemiological literature. The panelists noted that the origind
epidemiology studies did not collect exposure information that provides direct evidence of the
relative potency assgned to the two different fiber length categories: fibers longer than 10 pm,
and fibers with lengths between 5 and 10 um. During this discussion, one pandist recommended
that EPA consider the results of a case-control study (Rogers et a. 1991) that suggests that
mesothelioma risks are greater for individuas with larger amounts of the shorter fibers (i.e,
between 5 and 10 pm) retained in their lungs. Another pandlist was not convinced of the findings
from this study, due to possible biases from sdection of controls not matched for hospital of
origin. This pandlist encouraged EPA to refer to more rigorous lung-retained fiber studies (e.g.,
McDonad et a. 1989, Rodel sperger et d. 1999) that have found that the mgjority of cancer
risk for mesotheliomalis attributed to exposures to longer fibers, even when measurements of
short fibers are taken into account.

Questions about the fiber length-dependence used for mesothelioma. Some panelists
were not convinced that the relative potencies assigned to different fiber lengths were
appropriate for mesothelioma. One pandlis, for instance, noted that his previous review of the
literature (Lippmann 1994) suggests that cancer risk for mesotheliomais most closdy associated
with exposure to fibers between 5 and 10 pum long. He indicated thet this assessment is
constent with other human lung evauations (e.g., Timbrell et . 1988), which have reported
that fibers retained by the lung tend to be longer than fibers that trandocate to the pleura. This
pandist added that the epidemiology literature clearly suggests that lung cancer and
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mesothdioma have different risk factors, as the relative amounts of lung cancer and
mesothelioma cases vary congiderably from one cohort to the next. Based on these concerns,
this pandist suggested that EPA condder developing separate fiber length weighting schemes for
lung cancer and mesothdioma

Another panelist indicated that the epidemiology studies provide indirect evidence that
carcinogenic potency appears to increase with fiber length. Specificaly, he noted that the studies
consstently show that mesothelioma has a very long latency period—atrend that suggests that
the most durable fibers (i.e., the longer fibers) are the most potent. The pandist added that the
anaysesin the proposed protocol provide further indirect evidence of mesothdiomarisks
increasing with fiber length: when the exposure index was used in the mesothelioma modd, the
proposed risk assessment methodology generated an improved fit to the epidemiological data

During this discussion, a panelist cautioned about inferring that only those fibers that reach the
pleura are capable of causing mesothelioma, because researchers have not determined the exact
mechanisms by which mesothdiomais induced. Further, he cautioned about inferring too much
from asingle study (Timbrell et a. 1988), given that many additiond studies are available on
lung-retained fibers.

Questions about the relevance of animal toxicology data. Some pandlists expressed
concern about basing the proposed weighting factors for different fiber lengths on observations
from animd data. First, one pandist noted that the weighting factors were derived drictly based
on lung cancers observed in laboratory animals, and he questioned whether one can assume that
the weighting factors can be defensibly applied to mesothelioma. Second, other panelists noted
that extrgpolating the weighting factors from rodents to humans aso involves uncertainty, dueto
inter-species differences in respiratory anatomy, macrophage sizes, and sites of lung cancers.

Suggested follow-up analyses. Given the concerns about basing the proposed exposure index
entirely on data from anima toxicology studies, two panelists recommended that EPA attempt to
optimize the weighting factors gpplied to different fiber length categories using the available
human epidemiologicd data. One pandist suggested that this optimization could be performed
using the data compiled in Table 6-15 in the proposed protocol, which presents estimates of the
fiber length digtribution for different occupationd cohorts. A pandist dso suggested that EPA
consder deriving separate weighting factors for lung cancer and mesothelioma, rather than
assuming the same fiber length dependence for both outcomes.

Responsesto Char ge Question 6



Charge question 6 asks. “Please explain whether the proposed exposure index will alow meaningful
comparisons between current environmental exposures to asbestos and historical exposures to asbestos
that occurred in the work place.” The pandigts discussed severa topics when addressing the question,
because some pandists had different impressions of what the question was asking. Some pandlists
viewed the question as asking about the validity of low-dose linear extrapolations (see Section 3.1.5 for
more information on this topic), and others viewed the question as asking about whether the proposed
methodology is an improvement over EPA’s current risk assessment modd. A summary of the

pandigts specific responses follows:

# I sthe proposed exposure index an improvement to asbestos risk assessment? When
answering this charge question, multiple panelists focused on whether the proposed exposure
index is an improvement over EPA’s 1986 asbestos risk models. These panelists agreed that the
proposed gpproach is more consistent with the overal literature on health risks from asbestos,
which show that cancer risks vary with fiber type and fiber dimension. Two pandists were
hestant to cal the proposed approach an improvement for evauating mesothelioma risks,
because the fiber length weighting factors are based entirely on lung cancer datain animals.
These pandlists were particularly concerned that the proposed methodology might assign lower
risks for mesothelioma in certain circumstances, because the fiber-length dependence in the
methodology is not based on any toxicologica or epidemiologica studies of mesothdioma

# Does the proposed risk assessment model support extrapolation from occupational
exposures to environmental exposures? Some pandists commented on the applicability of
the proposed risk assessment mode to exposure doses below the ranges considered in the
occupationa studies. Referring to observer comments provided earlier in the workshop, two
pandists indicated that some environmental exposures in areas with naturally-occurring asbestos
do not appear to be considerably lower than those experienced by occupational cohorts.
Another pandlist agreed, and cautioned about distinguishing environmental exposures from
occupational exposures; he instead encouraged EPA and the pandligts to focus on the exposure
meagnitude, regardless of whether it was experienced in an occupationd or environmental setting.

One pandist recommended that EPA investigate how cancer risks for lung cancer and
mesotheioma vary between EPA’s 1986 model and the proposed risk assessment
methodology: for different distributions of fiber types and dimensions, does the proposed
methodology predict higher or lower risks than the 1986 modd? Dr. Berman indicated that the
proposed methodology, when compared to EPA’s 1986 modd, generally predicts substantially
higher risks for environments with longer, thinner fibers and environments with larger amounts of
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amphibole fibers and predicts somewhat lower risks for environments with shorter, thicker fibers
and environments that contain only chrysotile fibers. One panelist recommended that future
revisons to the proposed protocol include sample calculations, perhaps in an gppendix, for
severd hypothetica environments to demonstrate how estimated cancer risks compare between
the new methodology and the 1986 mode!.



5. COMMENTSON TOPIC AREA 3: GENERAL QUESTIONS

This section summarizes the pandlists responses to charge questions 7-10 and 12. Responsesto

charge question 11 are included in Section 6, because this charge question sought the pandists overdl

impressions of the proposed risk assessment methodology, rather than focusing on any one specific

issue.

5.1 Responsesto Charge Question 7

This charge question asks. “The proposed risk assessment gpproach assigns carcinogenic potency to

individud fibers and to cleavage fragments (or ‘ bundles that are components of more complex

dructures'). Please comment on whether cleavage fragments of ashestos are as toxicologically

ggnificant asfibers of the same gzerange” The pandigts rased the following points when responding:

Terminology used in the charge question. One panelist took strong exception to the
wording in this question (see pages 30-33 in Appendix B) and strongly recommended that the
pandists use correct terminology during their discussons. This pandist noted, for ingtance, that
cleavage fragments are not equivaent to bundles, nor do cleavage fragments meet the regulatory
definition of asbestos, as the charge question implies. He clarified that he defines cleavage
fragments as non-ashestiform amphiboles that are derived from massve amphibole structures.
This panelist was concerned that none of the panelists at the workshop has the mineraogica
expertise needed to address issues pertaining to cleavage fragments. Another pandlist echoed
these concerns and agreed that this charge question raises complex issues.

Significance of cleavage fragments with respect to human health effects. The previous
concerns notwithstanding, several pandists commented on the role of cleavage fragmentsin the
proposed risk assessment methodology. One pandlis, for example, indicated that thereis no
reason to believe that deavage fragments would behave any differently in the human lung than
ashedtiform fibers of the same dimensions and durability; he added that this concluson was dso
reached by the American Thoracic Society Committeein 1990 (Welll et d. 1990). This pandist
acknowledged, however, that expert mineraogists have differing opinions on the role of
cleavage fragments. Severd other pandigs agreed thet it is reasonable to assume that cleavage
fragments and asbestos fibers of the same dimension and durability would dicit Smilar toxic
responses.



5.2

Review of selected epidemiological and toxicological studies. The pandigts briefly
discussed what information has been published on the toxicity of cleavage fragments. One
pandlist indicated that Appendix B in the proposed protocol (see pages B-3 through B-10)
interprets results from an anima study (Davis et a. 1991) that evauated exposuresto Sx
tremolite samples, including some that were primarily cleavage fragments. This panelist noted
that the study provides evidence that cleavage fragments can cause mesothdiomain animds.

Ancther pandigt, however, cautioned againg inferring too much from this anima study for
severd reasons. the study was not peer reviewed; the fiber measurements in the study reportedly
suffered from poor reproducibility; and the mesotheliomas observed in the sudy might have
reflected use of intra-peritoned injection modd as the dose adminigtration method. This pandist
recommended that EPA conduct a more detailed review on the few studies that have examined
the toxicity of cleavage fragments, possibly considering epidemiologica studies of taconite
miners from Minnesota (Higgins et d. 1983) and cummingtonite-grunerite miners from South
Dakota (McDonadd et a. 1978); he noted that a pending publication presents updated risks
among the taconite miners.

Practical implications of measuring cleavage fragmentsin environmental samples. One
pandist added, and another agreed, that measuring cleavage fragmentsin environmental samples
presents some chalenges, becauise microscopists cannot consstently distinguish cleavage
fragments from asbegtiform fibers, even when using TEM.

Responsesto Charge Question 8

Charge question 8 asks: “Please comment on whether the proposed cancer assessment gpproach is

relevant to al amphibole fibers or only to the five types of amphibole fibers (actinolite, amosite,

anthophyllite, crocidolite, tremolite) designated in federd regulaions.” The pandists made the following

generd comments in response:

Review of evidence from toxicological and epidemiological studies. The pandists
identified few studies that address the toxicity of amphibole fibers other than actinolite, anosite,
anthophyllite, crocidolite, and tremoalite. One pandlist indicated that anima toxicology studies
have demongtrated that synthetic vitreous fibers with differing chemistry, but having smilar
durability and dimensions, generdly exhibit smilar potency for fibross, lung cancer, and
mesothelioma. Another pandist added that lung cancer and mesothelioma exposure-response
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relationships for acohort of vermiculite miners from Libby, Montana, have been published for
both asbegtiform richterite and winchite.

# Appropriateness of applying the model to non-asbestiform amphiboles. Severd pandlists
agreed that the proposed risk assessment methodology is relevant to amphibole fibers other than
those listed in the federd regulations. The pandists noted that, in the absence of more detailed
information on the matter, it is prudent to assume that fibers of amilar dimension and durability
will exhibit smilar toxic effects. Two panelists expressed some hesitation on gopplying the
proposed modd to the non-ashestiform amphiboles: one panelist asked how confidently one can
apply the cancer risk coefficients to amphibole fibers that have not been studied, and another
pandist indicated he was not convinced that the model should be applied to the other
amphiboles, let done for the amphiboles that are listed in the federd regulations.

Given the amount of naturaly occurring amphiboles in the Earth’ s crugt, one pandlist suggested
that the proposed protocol clearly state that the non-asbestiform amphiboles being evaluated are
only those with the same dimensiona characterigtics and biodurability as the corresponding
ashestiform amphiboles,

5.3 Responsesto Charge Question 9

Charge question 9 asks. “The review document recommends that asbestos samples be analyzed by
transmission eectron microscopy (TEM) and count only those fibers (or bundles) longer than 5 pm.
Such counting practices will provide no information on the amount of ashestos fibers shorter than 5 um.
To what extent would data on shorter fibers in samples be useful for future evaluations (e.g., vaidation

of the cancer risk assessment methodology, assessment of non-cancer endpoints)?’

The pandigts expressed varying opinions on this matter: some panelists saw no benefit of measuring
fibrous structures shorter than 5 um, based on responses to earlier charge questions (see Sections
3.1.3,3.1.4, and 4.1); other pandligts indicated that there is some uitility to collecting information on
shorter fibrous structures, particularly if the incrementa andytical costs are not prohibitively expensive
and if counting short fibers does not compromise accurate counts of longer fibers. The pandlistsraised

the following specific issues when discussing measurement methods:
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Support for using TEM in future sampling efforts. The pandists unanimoudy supported the
recommendation in the proposed protocol of using TEM, rather than PCM or some other
method, to characterize exposuresin future risk assessments. The panelists dso emphasized that
future measurement methodol ogies must focus on generating accurate counts of the most
biologicaly active fibers, or fiberslonger than 5 um.

Practical implications of counting fibers shorter than 5 um. One pandist indicated that
andyzing samples for fibrous structures shorter than 5 pm would compromise andysts' ahility to
accurately count the amounts of longer fibersthat are of grester biologica concern. Some
pandists and an observer further discussed the costs associated with counting fibersin multiple
length categories, including shorter than 5 um. The pandigts did not cite firm cost figures for
these analyses. However, noting that environmenta samples typicaly contain more than 90%
short fibrous structures, one pandist suspected that counting the shorter structures would
considerably increase the time amicroscopist needs to andyze samples, and therefore dso
would considerably increase the cost of the analysis. A panelist indicated that the costs and
benefits of counting fibers shorter than 5 um might be more appropriately debated between
microscopists and risk assessors, with inputs from indudtria hygienists and minerdogigs.

Relevance of fibers shorter than 5 um for non-cancer endpoints. One pandlist noted that
exposures to fibrous structures shorter than 5 pm can contribute to asbestosisin occupationdly
exposed individuals (Lippmann 1988), but he doubted that the exposure levels found to be
associated with asbestosis would be experienced in non-occupationa settings. Another panelist
added that the role of shorter fibrous structures for other non-cancer endpoints is not known,
such asthe pleura abnormdities and active pleurd fibrosis observed in Libby, Montana. No
pandists were aware of any authoritative statements made on the role that short fibers play, if
any, on these other non-cancer endpoints. During this discussion, one pandist indicated that the
toxicity of fibrous structures shorter than 5 pm might be adequately addressed by EPA’s
particulate matter standards.

Responsesto Charge Question 10

Charge question 10 asks: “ The proposed risk assessment methodology suggests that exposure

estimates should be based only on fibers longer than 5 pm and thinner than 0.5 um. Isthis cut-off for

fiber diameter appropriate?’ Before the pandlists responded to the question, Dr. Berman first clarified

that the exposure index optimized from the anima studies (see Equation 7.12 in the proposed protocol)



assgns afar greater carcinogenic potency to fibers longer than 40 pm, with diameterslessthan 0.4 um;

he noted that the proposed diameter cut-off (0.5 um) was based on an ad hoc adjustment.

The panelists agreed that the proposed cut-off for fiber diameter (0.5 um) would likely include most
fibers of heath concern; however, they aso unanimoudy agreed that the exposure index should not
exclude thicker fibers that are known to be respirable in humans. The main argument given for
increasing the cut-off is that fibers with diameters aslarge as 1.5 pm (or with aerodynamic diameters as
large as 4.5 um) can penetrate to smdl lung airwaysin humans. Other panelists provided additiond
gpecific comments, generaly supporting inclusion of thicker fibersin the proposed exposure index. One
pandig, for example, advised againgt basing the fiber diameter cut-off Strictly on observations from rat
inhaation studies, due to inter-species differences in respirability. Further, noting that the proposed cut-
off for fiber diameter would likely exclude some amosite fibers and a considerable portion of tremoalite
fibers with known carcinogenic potency, another pandist encouraged that the proposed exposure index
include contributions from thicker fibers.

The pandists noted that consideration of fibers thicker than 0.5 pm was viewed as being most
important for the lung cancer risk assessment modd, as risks for mesothelioma appear to be more
closdly linked to exposures to long, thin fibers (see Section 3.2.3). Further, some panelists suspected
that increasing the fiber diameter cut-off in the exposure index should be accompanied by changesto
the exposure-response coefficients in the risk assessment models, but the pandlists did not unanimoudly

agree on thisissue.



5.5. Responsesto Charge Question 12

Charge question 12 asks: “ Section 8.2 of the review document presents three options for assessing
cancer risks from ashestos exposure. Please comment on the technica merit of the proposed risk
assessment options.” The paneligts briefly reviewed the strengths and weaknesses of the three options
presented in the proposed protocol for assessing asbestos-related cancer risks. The panelists agreed
that the first option—direct use of EPA’s lung cancer and mesothelioma risk assessment
models—alows for the greatest flexibility in evaluating Site-specific exposure scenarios, particularly
those with time-varying exposures. Dr. Crump indicated that he envisioned this option being coded into
acomputer program, into which users enter their site-specific exposure information. Most pandlists
endorsed developing such a program. The pandlists did not regject use of the second and third options,
provided that EPA ensuresthat al three options generate equivaent risk estimates for the same

exposure scenario.

The one issue discussed in greeter detail was how sengtive predictions using the first option are to the
mortdity rates used in the evaluation. Noting that mortdity rates as functions of age and sex differ from
one location to the next, this pandist encouraged EPA to consder carefully whether nationwide
mortality estimates would be programmed into the risk assessment modd or whether risk assessors
would have the option of entering site-gpecific mortaity rates. The pandist also suggested thet the
authors of the risk assessment conduct sengtivity andlyses to quantify how strongly the mortdity data
affect cancer risk estimates. These comments aso raised questions about the fact that two populations
with different underlying mortaity rates could have different cancer risks, even though their asbestos
exposure levels are equivaen.



6. COMMENTSON TOPIC AREA 4: CONCLUSIONSAND RECOMMENDATIONS

This section reviews the pandigts individua conclusions and recommendations regarding the proposed
protocol (Section 6.1), aswell as how the pandists developed their overal conclusions and
recommendations that appear in the executive summary of this report (Section 6.2).

6.1 Responsesto Charge Question 11

Charge question 11 asks. “ Discuss whether the proposed cancer assessment gpproach, asawhole, isa
reasonable evaluation of the available health effects data. What aspects of the proposed cancer
assessment gpproach, if any, are inconsistent with the epidemiology or toxicology literature for
ashestos?”’ The pandists offered individua summary statements, which were not discussed or debated
among the pand. Following isasummary of the pandligs individud summary satementsin the order

they were given:

# Dr. Lippmann’s summary statement. Dr. Lippmann commended Drs. Berman and Crump
on developing the proposed risk assessment protocol and supported use of amode that
accounts for the factors (e.g., fiber type and dimension) that are most predictive of cancer risk.
Dr. Lippmann supported the authors' attempt to make full use of the existing data and to
interpret the results from the epidemiologica studies. He strongly recommended that EPA make
every effort to obtain individua-level data from additiona epidemiologica studies. Dr. Lippmann
suggested that a follow-up workshop with experts in exposure assessment could help EPA
evauate the uncertainties in exposure measurements from historic occupational data sets. Dr.
Lippmann supported an observer’ s suggestion to conduct an anima inhdation study using
tremolite cleavage fragments to help resolve the issue of these fragments' carcinogenic potency.
Overdl, he encouraged that future work on the proposed protocol continue, through use of
additiona expert panels, to make more informed usage of the human exposure data.

# Dr. Teta’s summary statement. Dr. Tetaindicated that the proposed protocol is an impressive
integration of the animd toxicology data and the human epidemiology data. She commended the
authors for developing a scientific methodology that successfully reduces the varigbility in results
across the epidemiologica studies, suggesting that the studies might be more consgtent than
were previoudy thought. Dr. Tetarecommended improvements to the meta-analyss of
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epidemiologica studies, such as establishing and gpplying criteriafor use of human datain
characterizing exposure-response reationships. Overdl, Dr. Tetafound no inconsstencies
between the proposed protocol and the larger body of epidemiology literature, including studies
of cohorts (e.g., gas mask workers, railroad workers, friction brake workers) that do not have
well-defined exposure information. Though not disagreeing with the utility of other pandists
recommendations, such as re-analyzing data from additiona epidemiologica studies and
convening additiona expert panels, Dr. Teta encouraged EPA to move forward expeditioudy
with completing the proposed protocol and discouraged implementing additiona steps that might
delay the overdl project.

Dr. Hoel’s summary statement. Dr. Hoel encouraged the use of more sophisticated modeling
that incorporates data on exposure-response (including non-linear models), duration of
exposure, cessation of exposure, and uncertainty in exposure. Dr. Hodl also strongly
recommended that EPA attempt to obtain individua-level data from additiona epidemiology
studies, or a least obtain partid data sets. He encouraged Drs. Berman and Crump to use more
sophigticated uncertainty analys's techniques, such as generating prior and posterior distributions
of uncertainty. To ensure that the lung cancer model is not confounded by cigarette smoking, Dr.
Hod recommended that Drs. Berman and Crump more closdy evauate dl available dataon the
Interactions between asbestos exposure and cigarette smoking.

Dr. Steenland’ s summary statement. Dr. Steenland indicated that the proposed protocol isa
step forward in asbestos risk assessment; however, he had several recommendations for
improving the analysis of epidemiologica studies. For ingtance, Dr. Steenland suggested that the
authors conduct meta-regression analyses using the origina exposure-response coefficients, in
which predictor variables include fiber size, fiber type, the estimated percentage of amphiboles,
percentage of fiber greater than 10 um, and categorica grouping of studies according to qudlity.
He indicated that these factors can be examined using both fixed effects and random effects
models. Dr. Steenland recommended that the proposed protocol explicitly state and defend the
basisfor choosing the 10 pm cut-off for fiber length in the exposure index. He suggested that
EPA should consider using Bayesian techniques or other methods to determine which relative
potencies assigned to different fiber length categories optimize the modd’ sfit to the
epidemiologica data.

Focusing on specific topics, Dr. Steenland indicated that he disagrees with the approach of
assigning amphibole fibers five times greater lung cancer potency than chrysotile fibers,
especidly consdering that the atistical anadysisin the proposed protocol could not reject the
hypothesis that amphibole fibers and chrysotile fibers are equaly potent. Further, he advocated
suggestions of exploring the adequacy of other exposure-response models (e.g., non-linear
models). Findly, Dr. Steenland suspected that cigarette smoking likely will not be a confounding
factor in exposure-response andyses for two reasons. First, he noted that differencesin smoking
practices between working populations and generd populations typically do not cause
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subgtantia differences in standardized mortdity ratios. Second, he indicated thet it is highly
unlikely that prevaence of smoking varies with workers exposure levels. Dr. Steenland
encouraged that EPA refer to arecent publication (Liddell and Armstrong 2002) for smilar
ingghts on interactions between asbestos exposure and cigarette smoking.

Dr. Crapo’s summary statement. Dr. Crapo complimented Drs. Berman and Crump on
preparing the cancer risk assessment methodol ogy, and he supported the genera approach of
expressing cancer risk as afunction of asbestos fiber type and fiber dimension. Dr. Crapo
indicated that the proposed protocol reaches severd defensible conclusions, such as assigning
greater mesothelioma potency to amphibole fibers and to longer fibers while assigning no risk to
fiberslessthan 5 pm in length. However, he was concerned about some specific issues that are
not yet adequately resolved. For instance, Dr. Crapo felt additiona data are needed to
rigoroudy define how mesothelioma potency varies with fiber length (i.e,, fiberslonger than 10
pm being 300 times more potent than fibers with lengths between 5 and 10 um). Dr. Crapo
recommended that EPA, when revising the proposed protocol, explore more sophisticated
modeling techniques, including non-linear exposure-response models and consideration
threshold effects. He supported more detailed analyses of interactions between ashestos
exposure and cigarette smoking, again through the use of non-linear models.

Dr. Sherman’s summary statement. Dr. Sherman firgt indicated that she concurred with
severd recommendations made by Drs. Hoel and Steenland. She focused her summary
statements on the proposed exposure index, recommending that Drs. Berman and Crump use
the epidemiology data to further investigate other formulations of an exposure index. Dr.
Sherman recommended, for example, examining the goodness of fit of other formulations of the
exposure index (e.g., assgning zero potency to al fibers shorter than 10 um). Further, she
recommended that the authors attempt to optimize the potency weighting factorsin the exposure
index to the epidemiological data. Finally, given that panelists expressed concern regarding how
potency varies with fiber length for mesothelioma, Dr. Sherman suggested that Drs. Berman and
Crump consder developing two different exposure indexes—one optimized for lung cancer, and
the other for mesothelioma. Dr. Sherman added that she generdly supported the lung cancer
and mesothelioma exposure-response models, and questioned whether using more complicated
models would necessarily lead to a better understanding of the data.

Dr. Castranova’' s summary statement. Dr. Castranova concluded that the proposed protocol
Isadggnificant advance in asbestos risk assessment methodology. He strongly supported the
recommendation that future measurements be performed using TEM, rather than PCM. Dr.
Castranova aso supported the gpproach of assgning equa carcinogenic potency to cleavage
fragments and asbestos fibers of amilar dimension—afinding, he noted, that could be tested in
an animd inhdation study. Further, Dr. Castranova agreed that non-asbestiform amphiboles and
ashestos amphiboles of the same dimension should be assigned equa carcinogenic potency. Dr.
Cadtranova indicated that the epidemiology and toxicology literature clearly indicate that
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mesothelioma potency varies with fiber type, but he was not convinced that this literature
supports adifference in lung cancer potency between amphibole and chrysotile fibers.

Dr. Price’'s summary statement. Dr. Price found the proposed protocol to be an impressive
compilation of the epidemiology and toxicology literature into a cancer risk assessment mode
that addresses most, but not al, risk factors debated since EPA’s 1986 model. Dr. Price urged
EPA to explore exposure-response models other than the models that involve linear, low-dose
extrapolations, which he viewed as being incons stent with the epidemiology literature. Dr. Price
indicated that future revisons to the protocol should definitely consider non-linear models and
threshold effects.

As an additiona comment, Dr. Price emphasized that the two main e ements of the
protocol—the proposed exposure index and the exposure-response analysis—are closdly inter-
related and subsequent changes to the proposed exposure index could affect the robustness of
the overdl modeling effort. As an example of his concern, Dr. Price noted that increasing the
fiber diameter cut-off in the exposure index from 0.5 um to 1.5 um could (according to an
observer comment) lead to dramétic differencesin the number of cleavage fragments counted in
environment samples, however, he indicated that the anima studies used to derive the origind
exposure index did not include cleavage fragments. Such scenarios raise questions about using
an exposure index derived from very specific exposure conditions in anima sudies to evauate
human hedlth risks associated with exposures of an entirely different character. Dr. Price
encouraged further study of cleavage fragments, perhapsin an animal inhdation study, to resolve
therole of cleavage fragments.

Dr. Case's summary statement. Dr. Case congratulated Drs. Berman and Crump for
compiling what he viewed as a reasonable eva uation of the available toxicology and
epidemiology literature, and he strongly supported the generd gpproach of factoring fiber type
and fiber dimension into cancer risk assessment. Dr. Case indicated that he agreed with the
finding that amphibole fibers have dightly greater lung cancer potency than do chrysotile fibers,
athough he believed that fiber dose, fiber length, and especialy smoking history and type of
industry have grester importance in this regard. Dr. Case recognized that how one views the
differences between the Quebec and South Carolina cohorts affects the conclusions drawn on
thisissue, and he encouraged EPA to classify the cohort of South Carolinatextile workers as
being exposed to mixed asbestos fibers, rather than being exposed to only chrysotile fibers.?

2 \When presenting the summary statements, one panelist (LS) indicated that NIOSH is re-analyzing filters

that were collected in the 1960s from the South Carolinatextile plant, and these re-analyses should indicate the
distribution of fiber typesin this cohort’s exposures. Another panelist (BC) noted that these re-analyses will not
characterize earlier exposures to amosite fibers, which are believed to have occurred primarily before 1950 (based on
findings from studies of lung-retained fibers).
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Dr. Case made severd recommendations for further evauating the existing epidemiologica data
and for collecting additiond data. First, Dr. Case indicated that it is criticaly important for any
lung cancer risk model to consider confounding effects of cigarette smoking, and he encouraged
EPA to incorporate interactions with cigarette smoking into the lung cancer mode to the grestest
extent possible. Second, Dr. Case supported Dr. Lippmann’s recommendation of convening an
additional expert panel workshop to criticaly review inferences that should be drawn from the
exposure measurements made in the epidemiologica studies, such apand, Dr. Case noted,
would require inputs from experts in minerdogy, industrid hygiene, and measurement
methodologies. Third, he supported comments recommending that EPA examine non-linear and
threshold exposure-response models. Finally, Dr. Case agreed that conducting an animal
inhaation study is probably the best way to examine whether tremolite cleavage fragments
produce lung cancer, but did not advocate using rat inhaation studies to examine whether these
fragments induce mesothelioma, because results from rat inhalation studies have been shown to
be a poor mode for mesotheliomain humans. He added, however, that it would quite probably
be impossible to design an experiment in which rats were exposed only to “cleavage fragments’
or “non-ashestiform fibers’ with no asbestiform fibers present at dl.

Dr. Stayner’s summary statement. Dr. Stayner supported the general concept of
incorporating fiber type and fiber dimension into cancer risk assessment, but he recommended
that additional work be conducted before EPA accepts the proposed protocol as a new risk
assessment paradigm. Dr. Stayner indicated that his confidence in the proposed protocol varies
between the lung cancer and mesothelioma models.

For lung cancer, Dr. Stayner indicated that the available epidemiologica data should be able to
support anew risk assessment model, but he recommended that EPA consider the pandists
many recommendations for how the meta-andys's can be improved (e.g., using different
datigticad modes, developing and goplying minima study inclusion criteria, conducting additiond
sengitivity andyses). Concurring with Dr. Steenland’ s summary statement, Dr. Stayner added
that cigarette smoking is very unlikdly to be a confounding factor in the lung cancer modd and he
questioned whether the available data would support a quantitative assessment of the interaction
effects. While Dr. Stayner supported the recommendation for eval uating non-linear exposure-
response models, he noted that the individual-level data needed to construct these models are
not available for most epidemiologica studies. Dr. Stayner added that obtaining raw data from
additiona occupationa cohorts would provide the best opportunity for more detailed
exploration of non-linear exposure-response relationships.

Dr. Stayner expressed greater concern about the foundation of the mesotheliomarisk modd. He
indicated, for instance, that the relative potencies included in the proposed exposure index are
based entirely on toxicology studies for lung cancer, and not on any epidemiology or toxicology
studies specific to mesothdioma. Despite these concerns about the biological basis for the
proposed mesothelioma model, Dr. Stayner noted that the proposed model does provide an
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improved fit to the findings from the epidemiologica studies. He recommended that EPA
consder optimizing the relative potencies in the exposure index to the human data, especidly if
EPA can access raw data from additiona occupationa cohorts to evauate how exposure-
regponse varies with fiber sze and fiber type.

# Dr. McClelan’s summary statement. Dr. McCldlan congratulated Drs. Berman and Crump
for integrating the toxicologica and epidemiologica datainto areasonable evauation of asbestos
cancer risks. Overdl, Dr. McClellan found the proposed protocol to be a substantial
improvement over EPA’s 1986 models and urged EPA to continue to move forward with
completing the protocol based on the pandists' feedback. Though he found the presentation of
information in the draft document to lack transparency on many important matters, Dr.
McCldlan indicated that the authors presentations at the workshop addressed many of his
concerns regarding the transparency of how the proposed model was developed. One
suggested improvement to the protocol’ s transparency was to clearly describe what literature
were reviewed and to specify what studies actualy factored into the quantitative anayses.

Addressing specific topics, Dr. McClelan indicated that the analysesin the proposed protocol
adequatdly characterize the generd roles that fiber type and fiber dimension play in cancer risk.
He supported suggestions for involving additiond experts, perhgpsin another expert pand
review, to further review interpretations of the epidemiologica studies. Further, Dr. McClelan
agreed with other panelists recommendation that EPA explore the utility of non-linear
exposure-response models, consistent with the agency’ s proposed revised Cancer Risk
Assessment Guiddines. If linear, low-dose extragpol ation moded s are ultimatdly used, he
suggested that EPA explicitly acknowledge the uncertainties associated with such an gpproach.
Dr. McCldlan indicated that obtaining raw data from additiond epidemiologica studies might be
particularly helpful in the exposure-response modding. Findly, Dr. McCldlan emphasized that
the exposure characterization in the proposed protocol is closely linked to the exposure-
reponse assessment; thus, the authors must carefully consider how revisons to the exposure
characterization affect the assumptions in the exposure-response assessment, and vice versa.

6.2 Development of Final Conclusons and Recommendations

After presenting their individua conclusions and recommendations, the pandists worked together to
draft summary statements for the peer consultation workshop. Every panelist was asked to write a brief
synopss of a particular topic debated during the workshop. These draft statements were then displayed
to the entire pand and observers, edited by the panelists, and then compiled into this document’s



executive summary, which should be viewed as the expert pand’sfind conclusons and

recommendations regarding the proposed protocol.
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Appendix A

List of Expert Panelists



Appendix B

Premeeting Comments, Alphabetized by Author
(includes bios of panelists and the charge to the pandlists)

Note: Thisappendix isacopy of the booklet of the premeeting comments that ERG distributed at the
peer consultation workshop. One pandist (Dr. Bruce Case) submitted an edited form of his
premeeting comments to ERG at the workshop. That edited verson appearsin this gppendix.



Appendix C

List of Registered Observers of the Peer Consultation Wor kshop



Appendix D

Agenda for the Peer Consultation Workshop



Appendix E

Observer Comments Provided at the Peer Consultation Workshop

Note: The peer consultation workshop included three observer comment periods, one on the first day
of the workshop and two on the second day of the workshop. This gppendix includes verbatim
transcripts (to the extent that specific remarks were audible from recordings) of the observer
comments, in the order the comments were given.
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